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ABSTRACT 


The  recent  availability  of  low-cost  con^wter  controlled  data  acquisition  systems 
have  made  it  concqjtually  possible  to  replace  much  of  die  data  recording  and  data 
analysis  work  associated  widi  the  classical  electronics  laboratory  eiqieriments  required  in 
a  typical  Electrical  Engineering  program.  This  diesis  rqxxts  die  results  of  a  stucfy 
focused  cn  putting  those  axicqpts  into  jxacdce.  It  is  the  first  plication  of  student 
labcxatory  Virtual  Instalments  at  the  school. 

Specifically,  this  thesis  rqxxts  on  die  practicality  of  using  a  standard  personal 
conputer  equipped  widi  National  Instruments  LabVIEW  for  \^%idows  and  a  data 
acquisitirm  board  to  r^lace  the  typical  manual  instrumentation  and  data  extraction 
required  for  seven  Naval  Postgraduate  School  ECE  2200  laboratory  eiqieriments. 
Appoidices  include  die  fixmt  panel  di^lay  widi  associated  block  diagram  code  and  the 
revised  course  labcnratory  experiments. 
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L  INIRODUCHON 


A.  BACKGROUND 

Since  the  voy  first  instrument  was  created  their  purpose  and  perfcxmance  has 
evolved  by  utilizing  the  general-purpose  technology  of  diat  period  of  time.  As  the 
personal  conputer  (PC)  axitinues  to  modify  the  present  way  in  v4iich  we  all  live, 
instrument  design  and  use  is  attaining  even  newer  levels  of  efficiency  and  increasing 
flexibility.  By  combining  PCs  with  traditicxiai  or  new-generation  instrument  hardware, 
even  hi^ier  levels  of  performance  can  be  obtained  and  eliminate  a  test  bench  full  of 
instruments.  It  spears  that  the  berichtcp  instrument  riow  &ces  the  same  &te  as  the  riow 
limited  use  dafting  boards  and  typewriters. 

The  tradititxial  benchtcp  stand-alcMie  box  instrument  is  a  critical  tool  used  for 
develcping  much  of  today’s  technology  and  is  enjoying  a  relatively  Itxig  electrcxiic 
lifespaa  These  instruments  perftxm  a  specific  measurernent  task,  operate  independently, 
and  usually  combine  sevoai  functicxialities  in  one  physical  structure  manu&ctured  by  a 
single  vendcx'.  These  functional  areas  are  classified  irtfo  -  data  actpiisition,  analysis,  and 
presentation.  Measurement  infcHinatitxi  is  fcawarded  to  the  data  acquisiticxi  section  of  the 
instrument  usually  through  a  hookip  of  test  leads.  The  system  then  analyzes  the  data, 
that  is,  a  means  for  retrieving  infixmaticxi  fiom  acquired  signals  or  strxed  data.  Finally, 
the  system  presoits  an  ouput  to  the  viewer  as  a  sccpe  displ^,  meter  movonoit,  ex- 
readout  The  ouput  [xesaitation  is  defined  by  the  veiukxr  using  generic  di^lay  features. 
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If  you  strengthen  Hns  limited  equabilities  of  a  traditicxiai  instrument  with  user-defined 
enhancements  of  a  ccxqxiter,  you  have  a  Virtual  Instrument  -  the  user,  not  the  vendor, 
specifies  the  ultimate  utilization  and  display  preference. 

Data  Acquisition  fex*  education  has  evolved  also  since  the  PC  is  now  comnuxi  in 
most  laboratcxies.  It  has  not  been  that  Icxig  ago  that  financial  planners  with  little 
technical  knowlet^  were  generating  coiq}lex  spreadsheets  on  PCs,  nhile  engineers  were 
struggling  fex*  days  to  obtain  single  measuranents.  Ahhou^  the  PC  is  now  in  use  Avith 
lab  work,  many  researdiers,  engineers,  and  students  have  not  realized  the  M  potential 
of  their  conputers  as  a  laboratexy  tool.  Basic  test  and  measurement  fiincticxis  to 
determine  pressure,  ten^ieratiire,  fcxce,  and  electrcxiic  signals  can  be  obtained  by  using 
an  ineq)ensive  PC  widi  an  installed  data  acquisiticxi  board,  and  qjpropriate  analysis 
software  to  run  the  system  Data  analysis  is  sin^lified,  and  processing  of  results  can  be 
specialized  to  specific  requirements  of  die  user.  Widi  diese  PC-based  systems,  benchtqp 
instruments  can  be  reduced,  or  evoi  eliminated.  This  would  reduce  the  inventexy  system 
and  help  to  rid  an  institution  of  highly  pil&rable,  small  instruments,  and  cut  down  (xi 
calilxaticxi  requirements. 

R  EXErmCSYSim  AND  SOLUTIONS 

The  recent  availability  of  low-cost  conputer  ccxitrolled  data  acquisition  ^^stons 
have  made  it  oxicqXually  possible  to  replace  much  of  the  data  recording  and  data 
analysis  wexk  associated  with  the  classical  electronics  laboratory  e^qiaimaits  required  in 
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a  typical  Electrical  Engineering  program.  This  thesis  reports  the  results  of  a  study 
focused  (XI  putting  those  concepts  into  practice. 

Specifically,  the  tl^is  repcxts  (Xi  the  jxacticality  of  using  a  standard  PC  equij^jed 
with  a  Nadcxial  Instruments  LabVIEW  (Labcnatcxry  Virtual  Instrument  Engineering 
Workbench)  fcxr  Windows  system  to  rq)lace  die  typical  manual  instrumentaticxi  and  Hata 
taking  required  fcx*  the  following  seven  ECE  2200  labcxatcxy  eiqiaiments: 


1 .  Use  of  diodes  as  switching  elements  in  clipping,  clanging,  voltage  ckxibling,  and 
gating  circuit  applications. 

2.  Measure  diode  i-v  (diaracteristics  and  plot  these  parameters  with  a  curve  tracer. 

3.  Ouput  characteristics  of  a  full-wave  bridge  rectifier  constmcted  with  four  silicon 
diodes,  observe  the  effect  of  adding  a  capadtix  filto*,  varying  the  load  resistance, 
and  noting  the  result  of  converting  die  circuit  into  a  "regulated"  power  s^ply 
by  shunting  a  zener  diode  across  ^e  output  terminals. 

4.  Current-voltage  reladcxis  of  an  NFN  transistor  in  a  commcxi-emitta’  circuit 
configuration  used  in  both  the  static  and  dynamic  operation. 

5.  Transistor  curve  tracing  to  examine  Ic  vs.  Vce  and  Ig  vs.  curves,  dc  gain, 
collector-emitto:  and  collector-base  Ixeakdown  voltage,  arxi  dc  iiput  impedance. 

6.  Etesign  of  a  BJT  common  emitta:  anplifio:  to  stated  specifications,  test  it  fix* 
{XTipo'  biasing,  signal  anplification  characteristics  and  cpoational  stability. 

7.  Two-stage  RC-coipled  linear  anplifiors  with  variable  ouput-stage 
configurations,  testing  it  for  propo*  biasing  in  the  active  region  and  signal 
anplificati(xi  cdiaracteristics,  a^  voify  die  results  with  a  computer  simuladcxi 
of  a  proper  transistor  model  using  the  SPICE  prograia 
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The  LabVIEW  system  consists  of  a  special  data  acquisition  board  and  Windows 
based  application  development  software.  The  software  provides  the  facility  for  generating 
Virtual  Instruments.  Several  Virtual  Instruments  were  developed  and,  to  the  degree 
possible,  used  to  process  digitized  rqjresentations  of  real  wcnrld  analog  voltage  signals 
obtained  ftom  the  data  acquisition  board.  Programs  that  do  appropriate  analysis  and 
output  formatting  for  display  and  printing  were  also  developed. 

C  VnOUAL  INSTRUMENT  HESTCXIY 

Virtual  instruments  are  in  their  third  stage  of  development.  In  the  first  stage, 
traditional  benditop  and  research  instruments  used  mainframe  or  workstation  computers 
to  singly  enhance  their  performance.  With  the  evolution  of  the  PC  a  dramatic  increase 
of  instrument  control  using  conpitos  was  developed.  Easy-to-use  software  tools  changed 
the  instrumoit  market  escalating  goieral-purpose  digitizers  and  reducing  demand  for 
specialized  boichtop  instrumorts.  By  combining  a  digitizer  with  a  PC,  users  could 
observe  and  analyze  signals  of  interest[Ref.  1] 

By  using  this  type  of  Virtual  InstrunKnt,  data  transfer  needed  to  be  sufficiently  fast 
betweoi  instrument  and  conpito-.  If  ftie  data  transfer  could  not  move  fast  enough,  the 
specialized  evaluation  and  presoitation  of  signals  had  to  reside  in  the  traditional 
instrun^nt,  not  the  user’s  \fittual  Instrumoit  and  provides  no  gain  in  performance.  The 
detent  of  use  for  these  Virtual  Instrumoits  is  limited  by  the  connection  between  PC  and 
insdumotit  The  user  defines  one  functionality,  while  the  instrument  designer  defines  a 
diffoent  functionality.[Ref.  1] 
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To  overcome  this  bamer  the  seoxKl  stage  of  Virtual  Instruments  evolved.  EXiring 
this  stage,  two  new  ^jproaches  to  instrument  hardware  emerged  -  plug-in  data  acqi’isition 
boards  and  the  VXIbus  (Vasa  Mcxfailar  Eurocard  Extensions  fcx*  Instrumentation  Bus). 
These  opened  instrumoit  architectures  allow  hardware  and  software  elements  performing 
the  acquisition,  analysis  and  presentatic»i,  to  maximize  use  of  the  PC.  Direct  process^ 
bus  communication,  and  integrated  system  timing,  are  important  &cets  of  this  architecture. 
The  new  systems  provided  flexibility  witfi  cost-eflfectiveness.  By  using  software  that 
works  with  this  architecture,  end-users  are  provided  easy  to  use  instiumaits.[Ref  1] 

Virtual  Instrument  fiameworks,  object-orioited  concq)ts  for  plication-specific 
needs,  are  the  current  phase.  This  fiamewok  allows  reuse  of  undostandable  code.  The 
gphical  panels  developed  initially  can  be  recalled  by  anotha  user  and  used  in  a  new 
plicatiorL 

This  third  j^iase  of  '\fiitual  Instruments  are  instruments  whose  functicHi  and 
cpbility  is  detomined  by  the  software  used.  It  is  a  sinq)le  gphical  way  to  sa-iq?  and 
qrerate  numerous  instruments  on  a  single  con^uter.  This  allows  a  PC  to  make 
measurements  continuously,  without  cons^t  human  guidance. 

\Titual  Instruments  are  self-documenting,  eliminating  a  major  headache  for 
programmos.  The  block  diagrams  and  icons  are  the  code  a  programma  works  with, 
which  allows  easy  undostanding  conpred  to  tradition  lines  of  code. 

The  PC  used  to  oeate  a  Virtual  Instrument  can  also  be  used  for  data  processing 
and  provide  urpa:edaited  facilities  for  data  analysis.  A  conplete  data  acquisition  system 


using  Virtual  Instruments  is  not  limited  to  one  ^ledfic  measurement  task,  or  require 
indqiendent  operation. 


D.  llliSIS  0RGAN1ZAI10N 

The  thesis  rqxirts  the  results  of  diis  effort  in  seven  di£q>ters.  Gi^>ta‘  II  has  short 
tutorials  on  electrcxiic  measurements,  piiKiples  of  data  acquisitirxi,  the  technology  of 
analog-to-digital  conversion,  and  the  oxicqits  of  Virtual  Instruments.  Cbapda  m 
describes  the  specific  data  acquisiticn  software  and  hardware  used  in  this  project  Ouqiter 
rv  desoibes  the  Virtual  Instrument  desigti  of  the  seven  experiments  discussed  above. 
Ch^iter  V  discusses  use  of  data  acquisitiai  systons  fcN*  die  United  States  Navy.  Qiqiter 
VI  contains  the  conclusicxis  and  recommendations  of  die  stiufy.  Appendbc  A  includes  die 
frixit  panel  display  and  die  associated  block  diagrams.  Appendbc  B  has  the  Laboratmy 
experiment  handouts  to  perfcxm  each  Virtual  Instrument  Laboratory. 
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n.  ELECTRICAL  AND  ELEClKONICMEASl^ 


A. 


ELECIRiCAL  MEASUR 


I  y 


NTS 


Measurement  is  the  process  by  whidi  one  ccxiveits  a  i^ysical  parameter  to 
nKaningfiil  numbers.  Electrical  measurements  involve  determining  the  quantity  of  electric 
charge,  electric  current  or  voltage  present  The  measuring  process  conqiares  the  quantity 
measured  with  an  accepted  standard  unit  defined  for  that  particular  quantity.  Thequantity 
obtained  is  then  used  to  study,  develop  or  monitor  a  device.  The  measurement  ol^ained 
has  to  be  very  accurate  and  made  wifii  predsitxi  to  derive  meaningful  infixmation. 
Electrical  measurements  are  obtained  with  deflection  instruments  cm*  electrcxiic  signal 
processing  instruments. 


a  TRAOma^AL  EUXHRICAL  measuring  DEVICES 

Electrical  measuring  devices  each  have  special  diaractoistics  that  limit  their  use. 
The  sensitivity,  accuracy,  precision,  range,  and  design  all  play  a  vital  role  for  determining 
>^chinstrt]ment  should  be  used  to  obtain  desired  infcxmafionfiDm  a  signal.  Tonvxiitor 
voltage,  current,  or  inqjedance  in  electronic  circuits,  analog  or  digital  instruments  may  be 
used.  The  selection  of  a  type  of  insbument  to  use  dq)ends  on  accuracy  required,  ease  of 
use,  and  dqiendability.  Electrical  benditop  test  equipmoit  is  divided  into  deflection 
instruments,  electronic  instruments,  and  conputerized  measurement  instruments. 
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1.  IMlcctkm  iDstnineiib 


Hie  deflecti(xi  instnnnent  requires  a  deflecting  face,  a  controlling  face,  and 
a  damping  face  to  operate.  The  most  common  current-sensing  deflectioi  instrument  uses 
a  DAisonval  a*  pennanent-magnet-moving-coil  movement  developed  by  DArsonval  in 
1881.  It  is  hi^y  sensitive  and  accurate.  The  movement  detects  ^t  by  using  the 
face  produced  by  the  interaction  of  a  magnetic  field  and  die  current  ..^wing  through  the 
field.  This  face  is  used  to  goierate  a  medianical  displacement,  i^ch  is  displt^ed  by 
a  pointer  over  a  calibrated  scale. 

The  pointer  deflectioi  is  directly  proportiaial  to  the  current  flowing  throu^ 
the  coil,  fxovided  the  magnetic  field  is  consistent  fiiroughout,  the  spring  tension  is  linear 
and  the  scale  is  linear.  Accuracy  of  DArsowal  movements  is  about  1  percent  of  die  full- 
scale  reading.  To  measure  an  alternating-current  of  a  ficquopy  greater  than  a  few  hertz, 
DArsonval  movements  cannot  follow  the  r^id  variations  due  to  inertia  and  damping. 
This  hi^  inertia  gives  a  distorted  rpresentation  fo  some  measurements,  such  as  a  mean 
value  per  time  interval. 

2.  Analog  Bectroiic  Instninirals 

Meters  coistnicted  of  moving-coil  movements  and  multiplio  resistos  have 
limitatiois.  The  resistance  of  these  are  too  low  for  measurements  in  hi^  impedance 
circuitry  and  cannot  measure  low  volti^  levels.  To  overcome  these  limitatiois  electioiic 
measuring  devices  have  a  high  iiput  resistance  so  it  will  not  alter  die  voltage  value  being 
measured.  The  device  will  also  amplify  low  voltages  ip  to  measurable  levels.  These 
devices  can  be  analog  instruments,  in  i^cfa  the  measured  quantify  is  shown  by  a  pointer 
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moving  over  a  calibrated  scale,  or  a  digital  in^iument,  showing  die  qiantity  as  a  digital 
di^lay.  Bodi  must  be  able  to  mea^ire  the  magnitude  of  a  signal  as  it  varies  widi  time. 

Analog  instruments  perform  to  a  specified  accuracy.  Accuracy  of  a 
measurement  specifies  the  difference  between  a  measured  value  and  the  tme  value  of  a 
quantity.  Any  deviation  fixim  the  true  value  is  the  indication  of  how  accurate  the  reading 
is.  Precisicm,  often  ccxiiused  widi  accuracy,  specifies  the  rqieatability  of  a  set  of 
readings,  eadi  made  indqiendently  using  the  same  instrument  In  cnler  to  obtain  the 
hipest  feasible  accuracy,  the  pointer  of  an  analog  device  should  ddQect  as  close  to  full 
scale  as  possible.[Re£  2] 

Analog  meters  use  an  an^lifier  ccxmected  to  a  I>Ars(mval  meter  movement 
to  measure  direct-current  A  recdfia  is  used  before  the  an^lifier  if  measuring 
alternating-current  By  using  a  recdfia  the  meta  will  re^xxid  to  the  peak-to-peak  value 
of  the  signal  being  measured.  A  special  calibration  procedure  is  used  so  the  meta  scale 
readings  are  in  root-mean-square  values. 

Root-mear^square  values  are  of  greater  interest  when  measuring  pure 
sinewaves  because  it  refers  to  the  powa  delivering  c^iability  of  the  waveform.  Since  the 
ratio  of  peak-to-peak  to  root-mean-square  values  is  2.8:1,  the  actual  voltage  values  read 
by  the  meter  are  divided  by  2.8  to  give  the  meter  markings. 

Pulses  are  often  used  as  an  informaticxi  cania.  Pulse  width  or  recurring 
fiequeiK^  are  then  related  to  the  measured  quanti^  by  a  proportionality.  Measurement 
is  thoi  discrete,  but  still  analog  in  principle.  Howeva,  if  the  signal  being  measured  is 
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not  a  pure  sine  wave,  an  enor  will  exist  between  the  indicated  and  true  root-^nean-square 
values  of  die  sigtial  being  measured. 

Electronic  analog  meters  require  battery  or  attemating-current  line  power  to 
operate.  When  the  meter  uses  line  power,  die  plug-in  connector  limits  portability  and 
makes  them  suscqitible  to  ground-loqi  interference.  If  the  meter  uses  battery  power,  the 
piecisitm  is  affected  if  die  batteries  are  not  changed  fiequendy. 

3.  Digital  □ectroiac  Irstnanmls 

Digital  instruments  indicate  die  quantity  being  measured  by  a  numerical 
di^ls^  radier  than  by  a  pointer  and  scale  used  in  analog  instruments.  A  digital 
instnimenfs  qieraticm  is  based  on  eidier  die  onnparison  principle  or  the  converter 
principle.  Ihree  mediods  are  used  to  obtain  a  niieasureineiit  Ity  either  of  these  princqiles 
are  •  ran^,  ccHiparison,  or  integradon. 

Ihe  conpnson  principle  ccxi^iares  the  voltage  to  be  measured  widi  a  voltage 
develqied  stq>-by-stq)  widiin  die  meaairing  instrument  This  voltage  development 
terminates  as  soon  as  both  voltages  are  equal.  The  actual  number  of  stqis  is  a  measure 
of  the  iipit  signal. 

If  the  instrument  uses  the  converter  principle,  die  voltage  to  be  measured  is 
converted  into  a  pulsed  voltage  whose  fiequency  is  prr^xirtional  to  the  amplitude  of  the 
voltage  being  measured.  The  fiequency  is  measured  using  an  electronic  counter. 

Voltage-to-time  conversicxi,  or  iBmp,  uses  a  linear  negatively  sloped  ran^ 
waveftnm  decreasing  at  a  known  accuratty.  When  the  value  ofdieiipit  signal  equals  the 
ran^  voltage  an  electrcxiic  coincidence  detectcx*  emits  a  pulse.  This  pulse  opens  (turns 
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on)  a  gate.  When  the  voltage  reaches  zero,  anodier  coincidenoe  pulse  closes  (turns  off) 
the  gate. 

The  duraticxi  of  time  the  gate  is  open  is  ineasured  by  a  counter  that  counts  die 
number  of  wavelengths  emitted  by  a  very  accurate,  fixed-fiequency  oscillator.  With  the 
slope  of  the  ranp  voltage  and  time  between  gate  opening  and  closing  known,  the  value 
ofdie  voltage  qjplied  to  the  ii^  is  found.  Negative  iiqait  voltages  open  the  gate  at  zero 
and  close  it  when  the  negative  value  of  the  ran^  is  coincident  widi  the  negative  voltage 
value. 

The  servo-balaiK»  potenti(mieter,  or  ompnson  inethod,  uses  a  kiiown  voltage 
to  (xmpare  to  die  unknown  voltage.  The  difference  between  the  two  values  is  used  to 
create  a  signal  that  leads  to  the  a^ustment  of  the  known  voltage.  This  continues  until 
both  values  are  equal,  and  the  value  is  dr^k^ed  on  the  digital  readout 

4,  &10IS  Uinent  With  fastnnuents 

Every  experiment  has  erras  introduced.  Any  attend  to  evaluate  a 
measurement  should  ccmsider  die  erm’  that  could  be  present  from  die  system  ot  human 
involvonent  System  errcas  can  oily  be  controlled  by  understanding  its  limitaticHis  and 
making  a  proper  test  lead  hookup.  Ihiman  errors  will  always  be  present  but  are 
controllable  if  the  person  knows  die  inportance  of  correct  results. 

Meters  can  introduce  the  following  errcxs: 

•  scale  error  -  inaccurate  markings  of  die  scale  during  manu&cture. 

•  zero  error  -  Mure  to  adjust  zero  setting  before  making  reMng. 

•  parallax  error  -  line  of  sight  not  perpendicular  to  scale. 
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•  friction  enor  -  worn  or  damaged  bearings  causing  friction  of  needle  movemenL 

•  temperature  effects  on  magnets,  springs,  and  internal  resistances. 

•  coil-shaft  misalignment  on  bearing. 

•  bent  pointer  (xr  rubbing  pointer. 

•  poor  accuracy  -  readings  taken  at  less  than  fiill  scale  usually  have  a  larger 
percentage  error  than  full  scale  readings. 

•  loading-effect  due  to  using  a  iKsnideal  instrument  to  measure. 

•  ^)eci£lc  emxs  due  to  meter's  qierating  principles  and  design. 

If  an  unusually  large  error  occurs  it  ms^  signal  that  some  systematic  error  is 
being  committed. 

S.  Advantages  of  Dectronc  Sgnal  Measureniei* 

The  advantages  of  using  electronic  signal  processing  include: 

•  making  the  detained  signal  mcxe  sensitive  to  measurement 

•  very  low  power  consun^ott 

•  hi^  speed  measurements. 

•  greater  flexibility  for  remote  measuring. 

•  higher  reliabili^. 

•  hitler  input  in^iedance. 

•  higher  iqiper  frequency  limit 

•  high  versatility  in  £9)pcoadiing  a  me^uring  prc^lem 
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These  advantages  oxnbine  widi  the  nunierous  possibilities  of  signal  processing 
to  enhance  the  electronic  measuring  process  over  d^ecdon  methods. 

6.  Analog  vs  DigHal  bstnmrais 

Analog  and  digital  instniments  both  have  a  place  in  the  test  measurement 
wcxld.  Although  substantial  pcoffcss  has  been  made  widi  analog  measurement 
tedmiques,  digital  methods  boast  a  dister  growth.  Digital  instniments  are  easy  to  use, 
require  fewer  parts,  and  allow  more  ratioial  aixl  effective  organization  of  the  countless 
measurements  that  may  be  required. 

Analog  instruments  produce  a  coitinuous  range  of  values  in  bodi  time  and 
an^litude.  Extreme  care  must  be  taken  when  working  with  analog  instruments  to  insure 
the  movement  is  not  jolted  out  of  place  since  die  accuracy  is  never  greater  than  die 
movement  used.  Hie  accuraq^  of  the  reading  is  a  hmctirxi  of  several  fectcn^  ^ided 
togedier  to  give  an  overall  accuracy  as  good  as  ^2%.  Drift  and  linearity  of  the  anqilifier 
as  well  as  linearity  of  die  meter  are  included  wddi  die  total  figure.[Ref  3] 

CMgital  instruments  are  virtually  insensitive  to  noise  and  drift  since  they  use 
a  'high'  (x*  'low*  logic  level  widi  large  tolerance  intovals.  The  accuracy  dqiends  on  die 
circuit  used,  but  is  generally  10  times  nxxe  accurate  than  an  analog  meter.  The  accuracy 
is  achieved  throu^  ccxiveiting  the  ir^  into  distal  ftxm  and  then  displayed  as  a  number. 
This  takes  the  guess  work  out  of  looking  at  a  meter  deflecdcxi,  thus  shcxtoiing  the  time 
for  measurement.  The  value  displayed  mqr  also  be  retained  after  the  signal  is  ronoved. 
A  digital  instniment  is  ideally  suited  ftx-  routine  measurements  by  ncm-tedmical 
personnel.[Ref.  4] 
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Advances  with  electnxiics  have  led  to  a  variety  of  conpiter  based  instruments. 
Flexibility  has  been  added  to  traditioi^  measurement  tools  since  computers  help 
introduce  devices  not  previously  feasible.  Keyboards  replace  switdies,  real-time  graf^cs 
are  commoi,  software  analyzes  results,  and  data  is  easily  stcxed  future  reference. 
With  relatively  minor  changes  in  software  or  hardware,  a  system's  ctpabilities  can  be 
easily  altered. 

Traditional  benchtop  instruments  pl^  an  inqxxtant  part  of  electmiic  development 
But  most  benchtop  instruments  are  specifically  designed  and  committed  to  one  ftmctiotL 
Performance  of  the  instrument  is  guaranteed  to  be  wiftun  stated  specificatirms,  but  the 
instrument  is  not  flexible  in  measuring  a  multitude  of  parameters. 

Virtual  Instrumertis,  as  used  in  a  Data  Acquisitirai  System,  are  designed  with  a 
[Mosq^  of  using  basic  building  blodks  •  Analog-to-Digital  axiveiters,  analysis 
software,  and  digital  signal  processors.  This  combinatitxi  installed  in  a  PC  can  actually 
perform  the  functions  of  (xie  or  nxxe  laboratory  instruments,  vriiidi  then  provides  a 
conqjrdiensive  flexibility  to  tailcMr  a  Virtual  Instrument  to  perftxm  exactly  as  needed 
an  opoation. 

Test-and-measuronent  epplicaticHis  using  state-of-the-art  instruments  currently  use 
a  standard  PC  having  one  or  nxxe  expansion  slots,  a  high-perfcHmance  Analog-to-Digital 
and  Digital-to-Analog  plug-in  data  acquisititm  board,  and  acquisitirm  and  analysis 
software.  By  placing  these  conponents  witiiin  a  PC,  it  is  transformed  into  a  high  speed 
pension  Data  Acquisition  System.  A  typical  PC-based  data  acquisiticxi  and  control 
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system  will  allow  the  user  to  measure  pl^ical  v^dables,  upit  die  acquired  data  to  the 
PC,  analyze  the  data  using  software,  and  provide  apprqiriate  re^xxise  to  control  the 
process. 

A  single  exanqile  of  a  PC  oxitrolled  device  can  be  illustrated  using  tl^  tenperature 
regulaticm  in  a  house.  A  thermocoiqile  is  used  to  continuously  measure  roran 
tenqierature.  Ihis  thermocoiqile  signal  is  then  axiverted  fiom  analog  to  digital  ftxmat 
readable  by  the  PC  utilizing  an  acquisititxi  board.  Acquisiticxi  software  is  used  to 
compare  the  desired  ten^ierature  widi  die  d»inocoiq)le  signal  whidi  then  causes  the  PC 
to  respcMid  via  a  digital  ouqiut  able  to  adjust  the  heating  or  cooling  circuit 

D.  A  DATA  ACX3UlSrnCW  AND  CXDNTRM.  SYSTEM 

A  data  acquisiticxi  system  is  a  switched  Analog-to-Digital  converter  that  digitizes 
multiplexed  analog  iiqiuts.  Figure  2. 1  shows  the  block  diagram  of  a  basic  data  acquisition 
system. 

1.  SoBii^  and  S^nai  Gonditioiu^ 

If  a  physical  variable  such  as  length,  pressure,  fluid  flow,  or  motion  is  an 
iiqiut,  a  transducer  is  used  to  soise  and  measure.  This  transduco:  convots  the  physical 
variable  into  electrical  signals,  voltage  ch:  curroit,  and  transmits  them  to  a  signal 
conditioning  device  or  directly  to  the  data  acquisition  board.  A  signal  conditioning  device 
an^lifies  and  filters  a  real-world  signal  for  use  by  the  analog  ii^ut  board. 
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Figure  2.1  Basic  Data  Acquisiticxi  System  Block  Diagram 

)A/hen  PC-based  data  acquisiti(xi  boards  were  first  used  in  a  laboratory, 
technicians  assumed  diey  could  plug  the  board  into  a  ctxipiter  slot,  clip  on  a  few  test 
leads  betwem  board  and  test  device,  and  immediately  take  measuronents.  They  found 
that  actual  valid  measurements  do  not  confexm  directly  to  the  data  acquisitirxi  board's 
ii^  sensitivity.  It  was  also  seen  that  quality  signal  conditi(ming  can  make  a  difference 
between  e?q)ected  data  and  useless  numbers. 

Signal  conditioning  modules  serve  to  isolate  test  signals  fix)m  electrical  noise 
and  provide  overvoltage  jxotecticni  for  the  data  acquisitirm  boards  and  PC.  The  modules 
have  the  ability  to  read  very  small  voltages  while  rejecting  large  amounts  of  noise  fixnn 
die  surrounding  envircximait  The  modules  also  help  to  isolate  the  PC  fixmi  transient 
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voltages  picted  up  by  the  test  leads.  These  transient  voltages  could  be  high  enough  to 
destroy  the  conpiter  or  the  data  acquisiticai  board  High-h^equency  transients  thrt  could 
ccmipt  the  signal  can  be  eliminated  by  use  of  a  low-pass  filter  built  into  the  signal 
ccHiditioning  module. 

2.  Data  Acquisition  Boards 

Following  signal  ccHiditioning,  tl^  senstM*  signal  is  passed  to  the  Analog-to- 
Digital  input  section  on  the  data  acquisititm  board  This  section  converts  the  voltage  or 
current  signal  into  a  digital  format  readable  by  the  PC.  The  Analog-to-Digital  section  has 
the  c^jability  for  high-speed  Direct  Memory  Access  data  transfer  to  the  PC,  first-in-first- 
out  memory  buffering,  noise  and  filtering  of  &lse  lower  frequency  components  (alias 
fiiequaicy). 

An  analog  signal  is  a  time-varying  quantity  with  the  an^litude  exhibiting  a 
continuous  variation  over  the  range  of  activity.  This  signal  must  be  converted  into  a 
disaete  time  signal,  a  digital  signal,  in  order  for  the  compute’  to  represent  the  original 
signal.[Ref  5]  Analog-to-Digital  conversicm  is  a  ratio  operation,  where  the  input  signal 
is  compared  to  a  reference  (full  scale  iiput  voltage),  and  converted  into  a  firaction,  which 
is  then  represented  as  a  coded  digital  number.  To  optimize  measuremoit  accuracy,  thae 
is  a  minimum  and  a  maximum  number  of  data  points  that  need  to  be  acquired  Analog 
outputs  for  data  acquisition  boards  are  generated  in  the  exact  reciprocal  of  that  to  read  the 
irqnits. 

Sanpling  rate  is  important  for  data  acquisition  boards.  The  Analog-to-Digital 
san^ling  rate  is  a  measure  of  how  fast  tte  board  can  scan  an  input  diarmel  and  conqjare 
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the  discrete  value  of  the  signal  (niesent  with  respect  to  a  refoence  value.  Selecting  a  slow 
san:q}ling  rate  can  construct  a  con^letely  differoit  wavefomi  of  a  Iowa*  fiequency,  or 
aliasing,  from  the  acquired  data.  A  data  acquisition  board  san^le  rate  that  is  bandlimited 
and  sanqjles  at  least  twice  the  e^qsected  input  fiequency,  the  Nyquist  sanple  rate,  can 
avoid  aliasing.  For  example,  to  sample  a  1  Hz  sine  wave,  the  sanq)le  rate  ^lould  be  at 
least  2  Hz,  but  a  saii^le  rate  of  8  -  16 results  in  a  more  accurate  rq^resentation  of  the 
acquired  signal.  Figure  2.2  shows  several  sanpling  rates  of  an  analog  waveform. 


Figure  2.2  -  Dififoent  Sample  Rates 
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Ilircm^put  rate  is  the  maximum  fiequency  at  which  a  data  oxiversim 
will  opoate  within  a  specified  accuracy.  If  a  data  acquisiti(xi  board  selected  has  8  iipit 
channels,  a  maximum  throug^ut  rate  of  8  Hz,  and  san^les  are  taken  (xi  a  only  (xie 
channel,  the  system  will  acquire  8  sauries  per  second  for  that  channel,  an  8  Hertz 
san^ling  rate.  If  the  system  is  setiqi  to  test  all  8  chamois,  only  1  san^le  po-  second  is 
obtained  giving  a  1  Hertz  san^ling  rate. 

Resolution  of  a  data  acquisition  board  defines  the  number  of  divisicxis  into 
v^ch  a  fiill-scale  itpit  range  can  be  divided  to  approximate  an  analog  itput  voltage. 
Figure  2.3  shows  various  bit  resolutions.  To  measure  an  input  signal  of  0-10  volts  using 
an  8-bit  resolution  board  means  the  signal  is  in  steps  of  10  2^  =  0.039  volts.  Hiis 

breaks  down  to  a  0  volt  iipit  equal  to  zero  and  a  10  volt  ir^ut  equal  to  the  digital 
number  255.  Since  the  board  can  cmly  differentiate  0.039  volts  or  higher,  if  numerous 
signal  dianges  of  0.035  volts  occur,  die  system  will  not  detect  than.  True  resoluficm  of 
data  acquisition  boards  can  be  as  much  as  2  bits  lowor  than  specified  by  the  manu&cturer 
A^en  placed  into  a  system.  Table  2.1  shows  the  resolution  conversion  for  Analog-to- 
EMgital  boards.  It  can  be  seen  that  more  bits  provide  eiqxnientially  higher  resolution.  For 
exanple,  a  16-bit  convoter  provides  16  times  as  many  points  as  a  12-bit  convater  over 
the  same  range  (see  Figure  2.4),  2‘*  -5-  2'^  =  65,536  ^  4,096  =  16. 
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Figure  2.3  •  I^erent  ResoluticHi 


TABLE  2.1  -  RESOLUnO^  CONVERSION  CHART 


Bits 

T 

%FuU 

Scale 

Least  Significant 

Bit,  lOVFuU  Scale 

1 

2 

50.0% 

5.0V 

2 

4 

25.0 

2.5 

3 

8 

12.5 

1.25 

4 

16 

625 

0.625 

5 

32 

3.125 

0.3125 

8 

256 

0.390625 

0.0390625 

12 

4096 

0.0244140 

0.0024414 

16 

65536 

0.0015258 

0.0001526 

Figure  2.4  -  One  16-Bit  Converter  CQnq)anscHi 


A  multiplexer  increases  the  iiput  cq)ability  of  the  data  acquisiticm  board 
Ihis  is  accon^lished  by  increasing  the  number  of  available  ii^nit  channels  to  as  high  as 
256  differential  or  512  single-ended  A  muitiplexo’  can  be  useful  if  the  conpito*  used 
fix’  data  acquisiti(xi  has  no  available  e?q)ansi(xi  slots  ex’  if  there  is  a  desire  to  e?q)and  an 
existing  system. 

One  great  advantage  of  using  a  PC  with  a  data  acquisition  board  is  Direct 
Monoiy  Access.  Ihis  allows  transfer  of  data  fixxn  the  Analog-to-Digital  board  directly 
into  the  PCs  meiiKxy  at  high  speeds  without  involving  the  central  processing  unit 
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Analog-to-EMgitai  boards  siqipoit  single^diannel  or  dual-diannel  Direct 
Menxxy  Access.  In  sin^e-channel  (xily  a  sin^e  64K  buffer  is  used  to  transfer  Hata 
Ibat  means  (xily  64Kbytes  of  data  is  collected  for  eadi  test  This  data  must  dien  be 
transfened  to  the  PCs  memory  or  hard  disk  before  perfonning  any  other  measurements. 
Dual-channel  mode  is  used  for  collecting  hig|V‘^)eed  data  in  a  ccxitinuous  mode.  Ikre, 
data  is  transfened  to  the  first  64Kbyte  buffer,  but  A\hen  it  is  fiill,  the  E)irect  Memory 
Access  switches  automatically  to  the  tKxt  buf^  while  simultaneously  transferring  the 
first  buffer  inf(Ninati(xi  to  die  PC  randcnn  access  rnonory.  The  Direct  Memcxy  Access 
switches  back  and  fixth  to  allow  unlimited  sample  sizes.  If  very  hi^  speed  data  is  iiqxit 
to  the  Analog-to-Digital  board,  a  first-in-first-out  buffer  enhances  the  Direct  Memory 
Access  by  storing  data  tenpxarily  to  avoid  loss  of  data. 

a  Simple  tmd  Hold  Gttud 

The  san^le  and  hold  secticm  of  a  data  acquisitirai  board  acquires  and 
sUxes  signals  fixim  multiple  diannels  of  iiqxits  fix  a  very  shrxt  instance  of  time.  It  is 
used  to  stabilize  the  ir^  of  the  Analog-to-EKgjtal  secticm  during  conversion.  Any  skew 
between  signals  could  lead  to  an  inaxrect  pcxtrayal  of  die  signal  generated  by  die  device 
under  axitrol.  Most  data  acquisiticm  boards  sanple  a  channel,  switch  die  multiplexer  to 
the  next  channel,  take  a  san^le,  and  continue  switching  until  all  channels  are  sampled. 
One  can  see  there  is  a  time  delc^  betweoi  the  first  sample  and  all  following  san^les 
takeiL  A  typical  board  with  16  channels  and  a  lOjiisec  san^le  time  has  a  160psec  time 
skew  between  first  and  last  sanqiles.  To  avoid  timing  errors,  boards  use  simultaneous 
sanpling.  Data  is  sampled  cm  all  channels  at  exactly  the  same  time  and  is  ttei  held  in 


22 


a  l-san^le  per  diannel  buffer  until  Ae  Analog^Digital  section  can  scan  the  data. 
Figure  2.5  shov^  conventional  and  simultaneous  sample  and  hold  circuits. 


Figure  2.5  -  San^le  and  Hold  Circuits 


b,  bpit  Coufigintiom 

Gxmecting  a  data  acqidsition  board  to  a  circuit  is  not  the  same  as 
hooking  a  multimeter  with  two  tests  leads.  A  data  acquisiticxi  board  is  very  sensitive 
compared  to  a  multimeter  but  recognizes  small  noise  fluctuati(xis  as  a  true  signal.  To 
help  eliminate  noise  connecticxi  of  the  ir^  signal  to  the  data  acquisition  board  is  by  one 
of  three  configurations:  sin^e-ended  (Figure  2.6),  differential  (Figure  2.7),  ot  pseudo- 
differential  (Figure  2.8).  Single-ended  inputs  are  cost  effective,  tnie-differmtial  offers 
greater  noise  immunity,  and  pseudo-differential  is  a  practical  solution  to  most  cable- 
induced  noise. 

Single-ended  inpats  should  be  used  when  analog  measurements  are  made 
wifii  re^)ect  to  one  axnmon  external  ground,  and  there  is  no  practical  way  to  bring  both 
a  remote  ground  and  the  analog  ground  back  to  the  Data  Acquisition  System  Oiteriafor 
single-ended  connection  are:  higli-level  ii^  signals  (greater  than  1  voltX  leads 
connecting  signals  are  fiiirly  short  (less  than  IS  feetX  and  all  inputs  share  a  common 
source  reference  signal.[Ref.  6] 

True-differential  should  be  used  when  each  iiput  signal  has  its  own 
reference  signal  or  signal  return  path.  This  configuration  usually  means  the  data 
acquisition  board's  number  of  available  channels  is  half  die  maximum  since  eadi  ir^ 
signal  is  tied  to  a  positive  and  a  negative  connection  point  of  tte  instrumentation 
roi^lifier.  Criteria  for  use  are:  low  level  input  signals  (less  than  1  volt),  input  sensrnr  is 
{%sically  removed  fixim  the  Data  Acquisitirxi  System  (leads  greater  than  IS  feetX  and 
v^hen  a  sensor  being  measured  requires  a  separate  ground.[Ref.  6] 
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External  Connections 
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Analog 
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Figure  2.8  -  True  EXfferential  limits 

Pseudo-differential  qjpiies  mainly  to  a  configuration  wifii  leads  going 
tfirougfi  vay  noisy  enviraiments.  Using  diis  configuration  references  the  signal  source 
to  the  system  ground.  A  pseucknlifferential  connection  is  made  \^ien  oxnmon  lines  of 
aU  channels  are  tied  to  the  signal  ground.  This  rejects  (common  mode  rqecdon)  the  noise 
induced  into  the  cable.  Differential  connections  can  help  reduce  pidcH^  noise  and 
increase  common  mode  signal  and  noise  rejecti(XL[Ref.  6] 

c  S^-<^dUmMianofD(itaAcquiatUmBoanb 

Ecpiipment  calibiation  is  required  periodically  for  all  test  equipment  since 
it  is  being  used  to  compare  signals  or  values  to  an  internal  known  standard.  Calibration 
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ofs(Miie  data  acquisiticmboanls  is  aocon^lished  using  iitternal&ctDiy-^  Hie 

analog  inputs  and  ouQiuts  of  the  board  hx/e  self-calibradcn  drcuitry  to  correct  for  gain 
and  of&et  errors.  It  is  also  possible  to  calibrate  out  additional  analog  input  or  output 
onxs  of  tinK  arid  tenqieratute  diift  (hiring  im  time.  Environmental  changes  of  diis 
are  usually  acccni^lished  diroug^  software.  That  ineaiis  no  external  circuitry  is  required. 
Internal  references  are  used  to  ensure  hig^  accuracy  and  stability  over  time  and 
tenqierature.  Factory  calibration  ccxistants  are  permanently  stored  in  an  (xiboard 
EEPROM  (electronically  erasable  and  programmable  read-<xily  monocy)  which  is  not 
modifiable.  Some  data  acquisition  boards  allow  a  section  of  the  EEPROM  to  store  user- 
modifiable  constants.  These  user  constants  can  also  be  restored  to  the  original  ftkctoiy 
settings  if  recjuired. 

3.  lyiical  Datii  AoqusUkm  Cbii]|iii^ 

The  typical  benchtop  digitizing  instniment  may  (xxisist  of  fixnt-end  and 
sanpling  circuitry,  memoiy,  ftont-panel  user  interfece,  CRT  (catiiode  ray  tube)  screen  and 
an  IEEE  488  interfece  (a  General  Purpose  Interfece  Bus,  GPIB,  used  fcr  controlling 
electrraiic  instruments  widi  a  conqxiter).  ^fti  die  excqition  of  the  fitmt-end  and 
sanpling  circuitry,  a  user  can  obtain  more  functional  versions  of  the  same  con^xxients 
via  a  PC  equipped  widi  data  aoq[uisition  and  analysis  software.  The  software  duplicates 
the  instnmients  display,  fixxit  panel  and  data  handling  c^)abilities. 

The  heart  of  a  Data  Ac({uisiti(xi  System  is  die  (xmputer.  It  is  used  to  house 
the  data  acquisiticMi  board,  software,  and  also  display  the  data.  The  nigged  industrial  PC 
is  growing  in  popularity  and  will  add  to  die  application  of  data  ac(j[uisiti(XL  Thedecrease 
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in  PC  prices  widi  an  increase  in  r^jplication  power  allow  the  PC  to  integrate,  cm*  surpass, 
tile  built-in  functionality  of  benchtcp  instiumaits. 


A  monitcM*  as  the  di^lr^  screen  plays  a  vital  role  for  I>ata  Acquisition  System 
integraticm  with  the  user.  They  are  used  to  observe  vital  gauges  cn*  sinple  cvie  output 
grtphs  to  multiple  signals  cmnpared  (xi  (xie  multi-plot  grid  gr^  System  iiputs  and 
outputs  can  be  viewed  (xi  the  monitOT  to  insure  proper  response. 

4.  Software 

Data  acquisitirxi  software  has  tiie  ability  to  obtain  and  analyze  data  and 
(xoduce  a  hard  ccpy  of  test  results.  Procedures  can  be  rqieated  with  axisistent  results. 
This  gives  data  acquisitirxi  software  a  tremendous  advantage  over  human  data  recording. 
Data  acquisitirxi  software  makes  it  possible  to  autrxnate  most  of  a  test  process,  reduce  risk 
of  operator  error,  and  guarantee  that  measurements  will  be  perftxmed  crxisistently.  By 
using  software,  automated  analysis  and  data  coUectirxi  modifications  to  petftxm  a 
different  testing  procedure  is  easy.  One  Yiitual  Instrument  can  be  ^lied  to  a  variety 
of  others  witii  little  or  no  modification. 

Develcpment  of  Viitual  Instruments  are  generally  performed  using  gr^^cal 
user  inter&ces.  The  software  provides  conplete  flexibility  for  tailoring  the  Data 
Acquisition  System  to  suit  exactly  what  is  required  fium  a  user.  It  is  also  versatile 
oiough  to  accommodate  various  instrumoits  and  data  acquisiticm  devices  that  will  be  used 
in  the  system. 

The  software  is  oitical  to  the  reliability  and  hi^perftxmance  rpoation  of 
the  Data  Acquisitirxi  Syston.  Virtual  Iristiuiiient  software  provirles  an  iritegrated  tool  for 
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acquisition,  analysis,  and  presentadcm  to  die  user.  Data  logging  to  a  disk,  di^laying  real¬ 
time  ccmtiol  data,  and  online  performance  of  data  analysis  is  sin^lified  into  one  system. 
Most  manu&cturers  have  instrumentation  driver  libraries  to  qxrate  their  instruments 
which  aid  in  develqHnent  of  user  specific  ^licatirxis. 

Data  analysis  fimctiais  are  used  to  renK>ve  noise  perturbaticxis,  correct  for 
data  (xxnqjted  by  sli^y  defective  equiixnent,  and  con^)ensate  fa*  environmental  effects 
of  tenq)etature  and  humidity.  Ibe  software  can  ftien  use  the  acquired  infcvmation  to 
perform  the  following  fiinctiais:  signal  generaticn,  signal  processing,  digital  filtering, 
numerical  analysis,  statistical  analysis,  and  regressicxi  analysis.  By  combining  any  one 
or  all  of  ftiese  functicxis,  a  user  can  develqs  custom  algorifems  specific  to  one  research 
or  educationai  e^licatioL 

Designing  a  s^jedalized  plication  is  modular  and  starts  by  selecting  fee 
desired  fimction  blodcs  fixan  a  program  library  to  build  a  software  model.  Ihe  libraries 
amtain  analog  iipit/output,  digital  iipit/output,  counting,  data  flow,  con^jarison, 
fiuquenry,  digital  signal  processing,  signal  measurement  and  analysis,  xiser  interfece  and 
display,  and  file  ii^Hit/ouqait  By  cramecting  feese  blocks  together,  a  user  can  create  a 
oxitrol  stnicture  wife  parameters  peculiar  to  fee  ^licafirm.  By  showing  voltage  data  on 
one  axis  of  a  gr^  and  time  on  fee  ofeer,  the  Virtual  Instrument  ^q^ears  to  be  an 
oscilloscope,  fca*  exan^)le.  Or  it  could  analyze  an  array  of  data  using  a  Fourier  transftxm, 
and  present  ^)ectral  informatirxi,  an^litude  as  a  function  of  fiequency,  as  a  spectrum 
analyzo*  does.  Unlimited  run-time  systems  oxitrolled  by  the  same  PC  can  be  oeated 
wifejust  (me  cqjy  of  fire  software.  The  Vkbiailiistrunient  created  usually  is  inocfailar  arid 
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hieraidiicai,  aUowinga  ViitiialInstninienttobeasub-VirtualInstninientvdthina\^itu^ 
Instrument. 

Hie  interactive  user  inter^K^  or  fixmt  panel,  imitates  the  panel  of  j^iysical 
instruments.  This  panel  oMitains  the  knobs,  butUxis,  graphs,  and  indicatrxs  to  oxitrol  and 
display  the  signal.  Panel  data  iiiput  is  oxitrolled  by  a  mouse  arid  k^lxiard.  Theusercan 
change  any  job  function  at  will  to  suit  a  wde  range  of  a^^iicatirms.  The  flexibility  of 
the  software  is  the  greatest  asset  to  tl^  Data  Acquisitirm  System  for  future  eiqxBisiotL 
New  hardware  may  be  purchased,  but  the  software  and  the  Virtual  Instruments  developed 
remain  the  same. 

5.  Advanb^  of  a  Gomputerized  Measumnent  System 

Changing  from  a  manual  to  an  automated  measurement  system,  a  user  obtains 
many  benefits  including  the  Mowing: 

•  sin^lificaticm  of  test  lead  hook-iqi. 

•  faster  measurement  speed. 

•  more  accurate  results. 

•  reduced  random  otcb:s  fixim  c^ietatOT  fatigue. 

•  reduced  manual  handling  of  data 

•  nxxe  interaction  with  theoretical  calculations  since  the  measured  data  is  used 
directly  as  an  ii^ut 

•  Turnaround  time  betweoi  measuronent  and  final  ouQiut  of  data  is  ftisto*. 

•  greater  ability  to  {xocess,  transfer,  or  stcxe  data 
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A  Viitual  Instrument  is  not  the  answer  for  every  measairement  appiicatioa 
S(Niieai^li(2d(XismaycMiiy  be  required  to  be  perf(xmedc«ice  a  year,  fen*  which  a  Virtual 
Instrument  design  may  not  be  practical  due  to  time  of  develcpnenL  In  general,  althou^ 
initial  set-iq3  for  a  Viitual  Instrument  can  be  difficult,  once  the  design  has  been 
conpleted,  measurements  are  faster  and  easier.  Tliey  also  allow  an  ejqseriment  or 
measuronent  to  be  rqieated  many  times  using  consistent  measuring  and  control 
techniques. 
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m.  DATAAC]QUISrna^USEDINASTlJDENTlABC»ATC»Y 


A.  CURRENT  L4BORAIORY  SEIUP  USING  TRADHIONAL  BENCHTK* 
INSTRUMENTS 

Naval  Postgraduate  Sdiool's  Electrical  and  Computer  Engineering  Electrical 
Engineering  course  laboratory  Avas  designed  for  a  studoit  to  perform  tests  using  a  variety 
of  test  equipment,  (Figure  3-1).  Eadi  piece  is  specialized  for  one  purpose,  sudi  as  power 
siqjplies,  function  generators,  fiequency  generators,  and  oscilloscopes.  During  a  student 
lab(»:atoty  session,  eadi  piece  of  equipment  must  be  found,  plugged  in,  turned  on,  and 
output  adjusted  correctly  for  eadi  eiqieriment  Fcnr  every  eiqieriment  performed,  wires 
must  connect  each  piece  of  test  equipn^  to  the  circuit  The  current  arrangement 
requires  that  a  student  and  instructor  spend  labraatory  time  setting  iqi  just  to  get  to  the 
point  of  starting  an  e^qieriment  Performing  the  e^qiaimait  also  requires  sevoal  changes 
to  the  test  equipm^  configuration  used.  The  objection  of  the  laboratory  is  to  stucty 
characteristics  of  electronic  devices,  not  how  to  master  a  piece  of  test  equipment 

The  test  equipment  conponents  used  by  each  student  requires  a  substantial  amount 
of  test  bendi  space.  In  addition,  the  large  assortment  of  test  equipmoit  requires  a 
number  of  electrical  sockets  for  powa:  cords,  further  increasing  confusion  when  moving 
equipmoit. 

While  performing  the  ejgjeriment,  the  studait  must  observe  the  circuits  output, 
answo-  ^licable  questions,  and  sometimes  compare  results  with  a  manu&ctura*  data 
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sheet  AMtionaUy,  during  various  p(xti(»is  of  the  e3q)erinKnt  the  student  must 
input  and  ou^ut  voltages  vosus  time,  noting  the  test  equijxnent  settings. 


Benchtop  Test  Equipment 


Figure  3-1  -  Current  Electrical  Engineering  Lab  Setiq) 


a  L4BORATC»Y  SEIUP  USING  VIHIUAL  INSTRUMENTS 

In^lementation  of  an  electronics  lab  using  Virtual  Instmments  can  sinplify  the  way 
studmts  and  instructors  perform  e;q}eriments.  The  major  obstacles  of  the  present  lab,  (i.e. 
finding  equipmoit,  hooking  it  i^,  adjusting  ouQnit,  and  time  spoit  drawing),  are  overcome 
by  using  a  PC,  data  acquisition  board,  and  compatible  analysis  software.  Ease  of  use  and 
control  through  software  inoease  the  professor's  electronic  device  instruction  and  die 
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student's  hands  on  test  time.  When  using  Virtual  Instruments,  more  test  circuits  can  be 
constructed  by  the  student  and  verified  during  tiie  laboratcxy. 

The  data  acquisiticxi  laboatory  setup  utilizes  an  IBM  compatible  80486DX  33MHz 
con:q>uter,  S^jer  Video  Grebes  Adqsta  monitor,  National  Instruments  AT-MIO-16F-5 
Data  Acquisitiem  board  and  associated  software,  and  LabVIEW  for  Wmdows  program 
develqmient  qjplicatim  software.  The  system  runs  under  Winctows  with  EXDS  S.O.  No 
otiier  software  is  required  except  fix*  die  video  mcxiitor  drivers. 

The  lack  of  s(»ne  studenfs  knowledge  of  crai^xiters  requires  periodic  maintenance 
of  hard  drives  to  determine  if  unwanted  files  exist.  Ccxn^rai  of  hard  drives  with  added 
software  throu^  misuse  of  students  necessitates  having  a  quick  system  to  renew  each 
hard  drive  at  the  end  of  a  new  acadentic  quarter.  To  allow  software  maintenance,  the 
data  acquisiticxi  laboratray  has  a  bada^  system  consisting  of  a  Bennoulli  Universal 
Tianspratable  Miltidisk  ISO  and  storey  disks.  This  unit  allows  die  school  to  maintain 
a  master  and  backup  copy  of  all  Virtual  Instruments  on  two  150  megabyte  removable 
disks  and  be  kqjt  in  a  secure  place.  Any  future  changes  to  a  Virtual  Instrument  can  be 
loaded  cm  the  master  and  backi^)  disk,  and  then  transferred  to  each  PC.  Hard  drive 
Mlures,  such  as  con^}uter  viruses,  resulting  in  con^lete  re-formatting  will  be  easier  to 
recover  fixxn  if  all  the  lab  data  is  contained  on  cxie  master  disk. 

The  PCs  have  passwexd  [xotectiem  via  software  and  can  cmly  run  a  Virtual 
Instrument,  not  modify  the  Virtual  Instrument  functirxL  The  entire  latxxatcxy  experiment 
secti(xi  of  the  course  is  placed  in  a  class  directexy  with  individual  Virtual  Instruments 
correspcxiding  to  each  e:q)eriment  The  e?q)eriment  write-iq)  is  also  ccxitained  in  the 
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direct(My  far  print  out  in  case  the  student  forgets  their  instrucdon  sheet  CXie  to  the 
single  requirements  of  this  lab,  no  flqjpy  disk  file  saving  functicsi  fcM-  the  student  was 
inplemented.  All  Yiitual  Instiument  labs  can  be  performed  during  the  allotted  time 
period  to  eliminate  saving  of  data 

The  ten  computer  data  acquisition  labcxatcxy  setups  are  connected  to  erne  Hewlett 
Packard  LaserJet  4  printer  by  an  automatic  switching  circuit  for  indqiendent  student 
esqjeriment  oubpaL  Using  a  LasaJet  printer  sin^lifies  the  instnictors  grading  since  all 
e3q)eriment  results  will  be  standardized.  Analysis  of  waveforms  is  also  easier  for  file 
student  i^en  viewing  a  conpiter  genoated  hard  copy  output 


T 

Unit  or  Circuit 
Under  Test 


Figure  3-2  -  Data  Acquisiticm  Laboratory  Seti^ 
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1.  Dabi  Acqiisitioii  Cbminiient  Spedfications 

Hie  ten  PCs  used  for  the  laboratory  utilize  the  VESA  local  bus,  have  120 
megabyte  hard  drives,  8  megabytes  of  RAM,  S’A”  and  S'/V  hi^  density  floppy  drives, 
and  Siqier  Video  Grt^cs  Adapter  video  cards.  The  PCs  are  housed  in  a  medium  tower 
case  to  allow  fen*  the  data  acquisititxi  board  with  extemal  cable  connecti(»i  and  futme 
oqiansioii  Each  PC  has  a  14"  non-interiaced  Si^ier  Video  Grimes  Adapter  colcx* 
mcxiitCH*,  a  mouse,  and  keyboard  connected. 

The  Tyidioon  video  grt^cs  card  has  1  megabyte  of  display  memexy  and 
siqipoits  a  resoluticxi  range  fiom  640  x  480,  60  Hertz  and  16.8  million  colors  to  1280  x 
1024, 43.5  Hertz  and  16  colcxs.  Resolution  is  software  selectable  witii  tiie  800  x  600, 60 
Hertz  and  256  color  setting  selected  ftx  use  in  die  lab  to  maximize  the  information 
presented  on  the  small  14"  screen  fixxn  the  Virtual  Instrument  of  the  ejqjerimenl  This 
setting  is  also  used  to  allow  sufGcient  character  size  for  students  to  read  displays. 

The  following  is  a  list  of  the  data  acquisititxi  board's  major  specificatiois: 

•  ±5  volt  (X  0  to  +10  volt  differential  analog  iiput  range  which  is  software  selectable 

•  15  volt  powCT-oflf  and  dt25  volt  power-on  overvoltage  protectiem 

•  programmable  gains  of  0.5,  1,  2,  5,  10,  20,  50,  and  100 

•  software  ccxitrolled  self-calibration 

•  256-sanple  Fi^st-Ir^Fi^st-Out  Analog-to-Digital  Ccxitroller  buffer 

•  200  Kilosanples/sec  sustained  sairq^ling  rate 

•  16  single-ended  or  8  diffoential  channels 
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Viitual  Instmnient  design  to  siqipoft  each  esqseriment  was  limited  to  the  data 
acquisition  boanfs  ^3ecifications.  Two  lab  experimems  could  not  be  constnrted  as 
Viitual  Instruments,  the  PN  Junction  diaracteristics  of  diodes  and  the  curve  tracing 
esqjeriment  with  transistors.  Ihis  was  due  to  the  hi^  voltage  (2(XH-  volts)  required  to 
place  die  devices  in  die  break-down  region  for  testing  to  check  manu&cturei's  data  sheet 
characteristics.  The  National  Instiumenfs  board  used  has  an  output  limit  of  10  volts, 
mudi  lower  dian  that  required  to  bring  a  1N483B  Siliaxi  CMode  (x  2N340S  NPN 
transistor  into  die  breakdown  regioiL  Safety  considerations  were  a  main  fector  in  not 
inplementing  curve  tracing  utilizing  an  external  power  source  to  drive  the  devices  into 
breakdown.  Anotha  limit  was  found  when  one  experiment  required  two  direct-current 
voltages  in  addition  to  a  sinewave.  The  board  has  the  ability  to  output  a  maximum  of 
two  different  signals.  Aldiough  the  board  has  two  digital  ouqnit  pins  with  a  constant  +5 
volts,  the  lack  of  voltage  control  and  variation  to  diose  ouqxit  pins  would  require 
modificaticxi  of  die  experimenf  s  required  output 

2.  Virtual  bstnmimt  Software 

The  selection  of  LabVIEW  for  Windows  as  die  primary  data  acquisition 
software  was  based  cm  its  demonstrated  performance.  LabVIEW  is  a  program 
development  application  similar  to  C  and  BASIC.  The  biggest  difference  is  diat 
LabVIEW  uses  a  gra(^cal  programming  language,  called  G,  to  create  a  program  in  block 
diagram  form.  The  other  ^qiplications  use  text-based  languages  to  create  lines  of 
code.[Ref  7] 
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Iid)VIEW  is  a  general-^iuipose  pn^ramming  system  widi  extensive  libraries 
of  functions  and  subroutines  for  almost  any  programming  task.  It  also  contains 
application  specific  libraries  for  data  acquisition,  GPIB  and  serial  instnnnent  control,  data 
analysis  data  suxage,  and  data  presentation.  LabVIEW  includes  conventional  program 
development  tools  to  set  a  brealqwint,  animate  data,  and  sin^e-stq>  throu^  a  progtm 
to  ease  debugging  and  program  deveiopment.[Ref.  7] 

LabVIEW  calls  the  finished  programs  Virtual  Instruments  since  their 
q^jearancearKi  operation  iinitate  actual  instnmients.  Ihe\^itual  Instruments  are  identical 
to  functions  fixan  oxiventional  language  programs  and  have  an  interactive  user  interfiax; 
a  source  code  equivalent,  and  recdve  parameters  firan  hi^ier  level  Virtual 
Instruments.[Ref.  7] 

Ihe  interactive  usa  inter&oe  is  called  the  fiont  panel  because  it  simulates  the 
panel  of  a  i%sical  instrument  having  knobs,  dials,  meters,  and  graf^.  Ihe  blodc 
diagram  portion  is  a  pictorial  solidon  and  source  code  of  the  programming  problem 
craistructed  in  G.[Ref.  7] 

Using  LabVIEW,  a  Virtual  Instrument  is  hierardiial  and  modular  allowing  use 
as  tqvlevel  programs,  <x  subprograms  witiiin  otiier  qiplicaticais.  Ihe  iaxi  and  connector 
of  a  Virtual  Instrument  wcxk  similar  to  a  gr^^cal  parameter  list  for  other  Virtual 
Instruments  to  pass  data  back  and  forth  to  subViitual  Instruments.  This  adheres  to  the 
modular  programming  concqit  permitting  an  ^licatirxi  to  be  divided  into  a  series  of 
tasks.  Each  task  can  be  broken  down  again  into  sin^ler  subtask  Virtual  Instruments.  Ihe 
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top-levd  Vbtual  Instnnncnt  then  contains  a  collection  of  sid)Vl]tual  Instnimerts 
iqxesendng  the  appiicatkxi  fliiction.[Ref  7] 

Since  each  subViitual  Instrument  can  be  executed  indq)endently,  ddxigging 
is  very  easy.  Ihe  indqxndent  aspect  also  allows  low-level  sub\%tual  Instalments  to 
perfixm  tasks  common  to  several  r^licadons  so  development  of  ^jecialized  sub\^Ktual 
Instalment  sets  may  be  £^lied  to  a  variety  of  user  i^iedfic  applications.  Instead  of 
pctying  fcM*  expensive  iqxlated  electronic  test  equipment,  LabVIEWs  subViitual 
Instruments  can  be  dianged  for  the  cost  of  the  programmers  time. 

Scientific  analysis  programs  are  not  usually  designed  to  be  usa-friendly. 
LabVIEWs  ability  to  model  die  behavior  of  traditional  benchtop  instruments  and  create 
automated  test  sequences  siii^lify  development  for  die  ineiqierienced  programmer  and  the 
expert  The  use  of  icons  for  building  a  functirm  are  light  years  fiom  the  mundane 
practice  of  writing  hundreds  of  lines  of  code. 
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IV.  lABOlUICKlYVlinVALINSrnajME^T  DESIGN  USING  lABV^ 

Each  Viitual  Instniment  designed  for  the  Electrical  Engineering  Laborauxy  is 
unique,  but  similar  in  iiincdcin.  This  chqjter  will  discuss  details  of  Laboratory  3,  Diode 
Circuits  and  Applications,  and  the  msgcx'  differences  of  the  other  Labcxatory  designs. 
Lalxxatrxy  3  was  selected  for  the  initial  programmings  not  for  easy  program  development, 
but,  the  requirement  for  single  circuit  measurements  and  signal  sources.  AppendbcAhas 
each  Virtual  Instnimenfs  fixHit  panel  and  block  diagram  program  code.  Appendix  B 
ccxitains  the  student  labcxahMy  experiments  using  Virtual  Instruments. 

A.  LABORATORY  3  DESIGN 

The  most  con^licated  program  design  turned  out  to  be  Laboratory  3  since  a  variety 
of  test  equipment  was  required  to  supply  power  and  perform  measurements.  Ihese 
included  a  signal  generaux,  oscilloscq)e,  multimeter,  and  two  power  supplies. 

Labraatcxy  3  program  design  started  with  the  existing  fiincticxi  generator  Virtual 
Instrument,  included  with  LabVIEW.  This  \Trtual  Instrument  was  analysized, 
restructured,  and  used  as  the  basis  fcx  the  ^jecific  needs  of  Lalxxratcxy  3.  Qxistrucdai 
of  a  500  Hz  output  sinewave  of  10  volts  peak-to-peak  was  the  first  stq>  of  restructuring. 

1.  Sinewave  Generation 

Sinewave  signal  generatiai  is  acccxi^lished  by  using  die  "oxipite  waveform" 
Virtual  Instrument  Thefiuquency  was  obtained  by  using  a  buffer  lengtii  of  250  ipdates 
at  a  125,000.00  point  rate  irpjt  to  the  "analog  ouqxit"  (AO  Qxifig  (xi  block  diagram)  and 
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"clock  configuration"  (Clock  Config)  Virtual  Instniments,  (125,000.00  250  =  500). 

These  values  were  used  to  maximize  the  sigpal  resolution. 


Amplitude  and  type  of  wavefonn  was  also  recpred  to  generate  a  sinewave 
ouQ}ut  The  an^litude  is  set  by  the  usa  fixxn  a  front  panel  digital  controller  limited  to 
±10volts.  This  restricdtm  is  used  tfinx^xxk  each  lid)oratory  Virtual  Instrument  designed 
in  this  thesis  since  the  data  acquisition  board  used  has  these  output  limitations. 

The  waveform  is  selected  frtxn  a  ring  control  wiiich  associates  unsigned  16-bit 
integers  with  strings  and  pictures.  This  allows  the  user  to  choose  an  option  from  a 
pictured  list  of  waveforms.  The  value  associated  with  the  selected  item  is  passed  to  the 
block  dk^ram  where  a  case  is  selected  from  die  "c(»npute  waveform"  Virtual  Instrument, 
(Figure  4.1  shows  the  block  diagram  of  a  case,  while-loqi,  and  secpience  stracture).  The 
cases  include  sine,  square,  triangle,  and  sawtooth  waveforms.  These  are  generated  using 
mathematical  formulas. 

l^pon  wavefrxm  selection,  the  voltage  data  generated  by  "conpite  waveform" 
is  passed  as  a  two-dimensi(xial  array  to  "analog  output  write"  (AO  Write).  This  \%tual 
Instrument  writes  the  voltage  data  to  the  buffer  tobe  available  as  an  output  to  channel 
zero.  The  buffered  ouqiut  is  started  "analog  ouqxit  start"  (AO  Start)  whidi  calls 
"analog  output  clock  ctxifigure"  (AO  Clock  Config)  for  a  task  number  to  configure  the 
ouqmt  diarmel.  Uptxi  conpleticxi  of  die  data  san^ling  by  a  student,  and  stqiping  the 
\%tual  Instrument,  the  buffer  is  released  for  new  signal  generaticn  by  "analog  ouqxit 
clear"  (AO  Clear).  Also,  when  the  stqi  buttcxi  is  selected,  channel  zero  is  set  to  zero 
volts  by  "analog  ouqnit  write  one  iqxlate"  (AO  l-l^). 
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Gose  Stractooe  Sequence  Stnictue  \Mile  Loop 

Figure  4.1  -  LabVIEW  Blodc  Diagram  Structises 

2.  Direct  Cbnent  Genemlioa 

To  produce  die  direct  current  voltage  required  fix*  the  experiment,  the  true- 
ddse  case  was  used,  (a  numerical  case  structure  may  be  used  in  a  Virtual  Instrument  if 
mar  than  two  cases  are  required).  The  user  places  the  direct  current  voltage  desired  in 
the  DC  Voltage  digital  coitroller.  Ihe  true  case  is  perfomed  ivhen  fiont  panel  IX  ON 
is  selected  This  allows  "analog  ouqxit  iqxlate  channels"  (AO  One  Pt)  to  write  the  sin^e 
voltage  value  selected  by  the  user  to  channel  one.  The  felse  case  produces  zero  volts  at 
channel  one. 

3.  Sigifid  Display  Graphs 

To  di^lay  the  irqxit  and  output  waveforms  of  the  eiqieriment,  an  oscilloscope 
display  is  used  In  order  to  displ^  a  signal,  the  channels  selected  (ii^nit  and  ouqxit 
wavefoms  for  Laboatory  3),  are  rqiplied  to  "analog  ii^jut  waveform  scan"  (AI  Wave) 
aloig  widi  displ^  scale  limits,  device  (data  acquisitioi  board  used),  scan  rate,  and 
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number  of  scans  to  acquire.  Analog  iqput  wovefonn  scan  acquires  die  number 
of  scans  at  the  scan  rate,  and  generates  the  voltage  data  for  use  (xi  the  transposed 
waveform  gnqih. 

The  waveform  graph  tran^xses  the  array  to  allow  pr(^)er  values  fcx  die  x-axis 
to  be  used  as  a  time  scale.  The  graph  requires  an  array  consisting  of  an  ^  initial  value 
(set  at  O.OOX  scan  period,  and  actual  voltage  values  acquired.  These  elements  are 
assembled  together  by  the  "bundle”  function  into  a  cluster  bdixe  submitted  to  the  gr^ih. 
The  cluster,  in  the  block  diagram,  gtoqss  related  data  elements  to  reduce  wiring  and 
ccxmection  terminals.  A  cluster  is  craiqiarable  to  a  "struct”  in  the  C  language  or  a 
"record”  in  Pascal. 

The  front  panel  waveform  gr^  di^lay  (oscilloscope)  x-  or  y-axis  may  be 
scaled  to  prqieriy  di^lsQr  the  largest  signal  to  interpret  data.  This  is  accraiplished  by 
using  the  LabVIEW  qreradng  tool  (pointing  finger)  and  selecting  the  maximum  or 
minimum  value  of  either  axis,  dien  deleting  diat  value,  and  ^ing  in  the  desired  value. 

Part  of  the  (xiginal  Laboratoy  3  required  die  student  to  draw  the  transfer 
diaracteristic  of  the  circuit  under  test,  voltage-out  versus  voltage-ia  By  using  the  index 
array  function,  the  voltage  only  pntion  of  each  irqjut  diannel  was  extracted  and  combined 
to  form  the  transfer  characteristic.  This  is  di^layed  by  an  x-y  grt^  fixxit  panel  functirai 
when  the  transfer  characteristic  switch  is  placed  in  the  ON  position  while  the  Virtual 
Instrument  is  running. 
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4. 


nint  QM  of  Ftont  Rnd  and  Block  Diagnm 

The  experiment's  fixmt  panel  indications  or  osciiloscq)e  displays  may  be 
printed  out  by  selecting  "Print"  fix)m  the  File  menu.  The  entire  fixxit  panel  or  block 
diagram  can  be  jninted  out,  including  the  digital  control  and  gr^  settings. 

A  Hewlett  Packard  Laseijet  4  was  used  to  print  out  the  display.  The 
resolution  was  found  to  be  much  better  withcHit  selecting  the  bit>map  option  from  the 
LabVIEW  print  mena  Font  size  or  label  placement  printing  were  the  only  obstacles  to 
avoid.  Although  a  frcmt  panel  or  block  diagram  on  a  monitor  may  appear  to  have  all  the 
labels,  actual  screen  contoits  printed  out  sometimes  left  partial  wcHxis.  Resizing  the  text 
block  (x*  selecting  a  smaller  f(xit  cleared  diese  problems. 

The  most  dramatic  print  outs  are  in  coltx.  LabVIEW  block  diagrams  have 
eadi  icon  and  wire  type  chspl^ed  cxi  soeen  in  a  (Merent  color  to  help  distinguish 
different  flincticKis.  When  a  Ifewl^  Packard  1200C  colcx  printer  was  used  fcx  printing 
a  Virtuai  Instrument,  each  wire  could  be  differentiated,  allowing  easy  trouble  shooting  of 
the  block  diagram. 

5.  Ftont  BEmel  Changes  >Male  in  the  Run  Mode 

In  order  to  allow  the  user  to  change  wave  patton  or  the  amplitude  values 
\^le  the  Virtual  Instruinent  is  running,  a  true-frlse  case  structure  is  used.  Initial  Virtual 
Instrument  output  channel  setqp  and  run  is  the  true  case.  The  false  case  allows  the  user 
to  change  the  fixxit  panel  controls  by  waiting  Va  of  a  seoxid  betweoi  front  panel  sanpling. 
This  conserves  coitral  processing  unit  time  needed  to  simultaneously  run  the  other  Virtual 
Instrumoits  for  the  e7q}eriment. 
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6.  noUems  Dicoiinteied 


A  second  direct  current  source  or  a  second  signal  genoatOT  could  not  be 
simulated  by  the  LabVIEW  board  for  the  design  of  Labcnatcny  3.  The  Laborat(^  could 
include  the  second  direct  current  source  only  if  the  sinewave  signal  was  not  used  at  die 
same  time.  The  only  reason  a  sinewave  along  with  two  direct  current  voltages  could  not 
be  generated  simultaneously  is  the  two  channel  output  limitaticMi  of  the  data  acquisition 
board  used. 

A  second  signal  generator  is  required  since  the  data  acquisition  board  uses 
only  one  clock  for  output  signals.  The  experiment  needed  a  squarewave  and  a  sinewave 
of  differoit  an^litude  and  different  fiequency.  The  amplitudes  could  be  controlled,  but 
with  only  one  output  clock,  two  sqiarate  frequency's  could  not  be  generated.  This  is  a 
hardware  limitation,  not  software. 

These  two  problems  could  not  be  coirected  using  the  data  acquisition  board 
purchased.  The  studoit  must  thoi  use  an  additional  power  source  and  a  second  signal 
generator  for  two  diffocnt  steps  of  the  ^qioiment 

a  lABORATCXlY  2  DESIGN 

Laboratory  2,  Power  Si^ly  Qiaracteristics  and  Design,  required  an  ungrounded 
output  signal  from  the  source  to  test  a  bridge  rectifier.  The  data  acquisition  board  has  a 
ground  pin  for  all  input  and  ouqjut  channels,  along  with  a  bias  return  used  in  the 
differential  mode.  To  allow  an  ungrounded  connection,  the  signal  output  ground 
(AOGND)  pin  was  attached  to  the  rectifier  and  not  to  the  test  of  the  circuit’s  gtoutKi 
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terminals.  This  allowed  M  kidge  rectificati(xi  to  be  observed  and  tested  since  die 
analog  ou^iut  voltages  are  referenced  to  the  analog  ou^  ground  pm. 

Laboratcxy  3  was  used  as  the  axe  Virtual  Instrument  One  requirement  for  the 
eiqieriment  is  to  detennine  the  direct  current  output  voltage  of  the  rectified  signal.  The 
\Trtual  Instrument  acquires  this  by  extracting  the  voltage  array  values  and  siqplying  diem 
to  the  alternating  current  and  “direct  current  estimatcx"  (AC  &  DC  Estimator).  The 
estimator  confutes  the  direct  current  level  of  the  input  signal  in  volts,  whidi  is  displayed 
on  the  fiont  panel  DC  Voltage  meter. 

C  lABaUlORY  4  DESIGN 

The  original  Labcxatory  4,  Transistrx  (BJT)  Characteristics,  experiment  required  an 
ammeter  to  obtain  current  values  fiom  die  circuit  The  data  acquisiticm  board  will  only 
read  voltage,  so  a  10  dim  resistor  was  placed  in  the  circuit  to  read  a  voltage  drop.  This 
voltage,  with  the  resistor  value,  then  could  be  used  to  dsbanmc  the  current  by  using 
CSim's  Law,  V  =  IR, 

The  design  m  Laboratory  4  used  a  single  "while  loop"  to  control  the  two  direct 
current  outputs  and  four  fiont  panel  meters.  The  "while  loop"  is  executed  until  the  fixmt 
panel  DC  switch  is  placed  in  the  OFF  positicm. 

Each  direct  current  voltage  ouqnit  is  controlled  the  DC  switch.  Two  tiue-fidse 
case  structures  generate  the  voltage  on  channel  zero  or  channel  one.  The  true  case  uses 
the  Vqc  or  Vqb  knob  setting  irpit  for  the  voltage  input  to  "analog  output  lipdate  channel" 
(AO  One  Pt).  The  false  case  generates  a  zero  volt  direa  current  level. 
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The  front  panel  contains  four  meter  movements  (xxreqxxiding  to  Vo  V^,  Wcc,  and 
Vqb.  Each  meter  has  an  itpit  channel  oxinected  to  obtain  the  voltage  data.  Eadi 
channel's  data  is  fcrwarded  to  the  "analog  ii^xit  sanqile  diannel"  (AI  One  PT)  which 
produces  the  scaled  analog  information  di^layed  by  the  meter. 

a  LABORATORY  6  DESIGN 

The  (niginal  LabcKatory  6,  Transistor  (BJT)  Anplifier  Design,  expoimoit  required 
a  direct  current  voltage  of  24  volts.  >Vidi  die  data  accjuisiticHi  board's  maximum  limit  of 
10  volts,  the  circuit  required  re-calculadcm  of  resistor  values  to  olMain  the  desired  ouqmt 
signals. 

Laboratcxy  3  was  used  to  base  this  esqieriment's  desiga  The  circuit  input  signal 
wavefcxm  was  not  included  on  the  oscilloscqie  display  since  die  output  waveforms 
obsoved  are  a  much  smaller  ampliUKte,  and  the  student  is  required  to  change  the  di^lay 
to  help  read  these  small  signals.  By  eliminating  the  circuits  iiput  wavefcnm,  the  gr^ 
is  much  less  cluttered. 

The  direct  cunroit  voltage  is  ger^iated  die  same  way  as  in  Laboratory  3.  The  DC 
meter  display  obtains  the  voltage  similar  to  Laboratory  4. 

E  LABORAIOIY  7  DESIGN 

Tte  majOT  circuit  conqxment  diffoence  between  Lab^atory  6  and  Labraatory  7, 
Two  Stage  Transistor  Amplifio:,  is  the  additim  of  a  second  transistcx-  stage  with  die 
required  resistors  and  c^iacitors.  The  signal  source  and  direct  current  voltage 


requirements  are  identical.  Ihis  allows  the  Laboratoiy  6  Virtual  Instiuniem  to  be  used 
as  the  basic  instrument.  The  cmly  modificaticxis  are  chi  the  fix)nt  panel  heading  block. 

F.  L4BORATORY  1  AND  5  DIFnCULllES 

LaboratMy  1,  The  PN  Junction  Diode  Characteristics  Using  a  Curve  Tracer)  and 
Laboratory  5,  Transistor  Curve  Tracing,  could  not  be  simulated  with  the  data  acquisition 
board  purchased.  In  order  to  drive  a  diode  (x*  transisUx*  into  the  txeakdown  region, 
voltages  higjher  than  the  data  acquisition  boards  limits  are  required. 

Obtaining  higji  voltages  ftom  external  sources  was  not  considered  due  to  the  safety 
risk  involved  and  the  data  acquisition  boards  irquit  limitation.  No  Virtual  Instrument  was 
designed  for  either  Laboratory  I  or  5  because  of  this  problem. 

a  GE7>IEEtU.]ABaUIO[lY  DESIGN  COVIi^^ 

Eadi  Virtual  Instrument  Laborafoxy  fiixit  panel  includes  the  required  data 
acquisition  board  connects  pin  assignments.  Diis  is  a  quick  refeence  for  the  student  or 
instructor  to  check  circuit  connections.  Tte  panel  also  has  the  ejqjeriment  name  and 
number,  and  a  section  fcx  the  studoif  s  name. 

The  student  would  be  able  to  run  each  Virtual  Instrument  while  viewing  the  fixxit 
panel  displ^s  and  indicators.  The  student  would  not  be  able  to  manipulate  the  blodc 
diagram  portion  of  any  Laboratoiy  since  LabVIEW  has  a  function  to  allow  saving  only 
the  front  panel  for  running  a  Virtual  Instrumait  This  prevents  the  block  diagram  pixtiim 
of  the  Virtual  Instrument  from  being  modified  by  a  studoit. 
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While  running  any  of  the  LabcxBtoiy  Virtual  Instruments,  if  an  emx*  10609 
(transferlnProg)  occurs  the  program  will  halt  Ihis  is  a  software  obstacle  that  LabVIEW 
has  with  the  data  acquisition  inter^ice  using  Microsoft  Windows.  Natitxial  Instruments 
indicated  a  future  versicm  of  LabVIEW  will  correct  the  problem.  The  mor  can  not  be 
avoided,  but  stq^ing,  clearing,  and  restarting  the  Virtual  Instrumait  is  required 
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V.  FLEET  IMPUMENTAnON 

Is  traditi(xiai  betK:htop  test  eqdpment  obsolete  in  die  fleet?  Since  the  intiodiiction 
of  the  digital  voltmeter  in  1%3,  instnirnent  research  has  changed  traditional  benchtop  test 
equipment  dramatically.[Ref.  8]  When  distal  instruments  first  ^ipeared  in  die  Fleet  in 
the  197(ys,  rqpairs  by  Navy  Electronics  Technicians  required  less  time  to  set  and 
diagnose  as  compared  to  deflection  instruments.  By  bringing  die  test  instrument  to  the 
equipment,  a  technician  saved  time  by  not  disconnecting  and  removing  the  equipment 
from  the  space.  But  the  test  instniment  ^11  requires  power  sillied  by  the  60  hertz 
shipboard  distributi(xi  system.  Ihis  is  a  problem  ifdiemalfrmctioning  piece  of  equipment 
is  located  at  die  bottom  of  an  access  trunk. 

A.  DATA  AOQUlSniGN  SYSTEMS  ABOARD  NAVAL  VESSELS 

Data  acquisiticxi  systons  are  now  revolutionizing  research  and  industry  with  more 
versatility,  speed,  and  storage  of  test  data.  Several  traditional  pieces  of  test  equipment 
can  be  (xxnbined  into  (Mie  data  acquisition  system  to  execute  the  various  functions.  Using 
the  newest  80486  central  processing  unit  allows  the  system  to  perform  at  an  edremely 
frst  rate.  By  en^loying  a  con^xiter  to  sanqile  data,  storage  of  diat  signal  data  can  be 
accon^lished  easily  by  utilmng  die  hard  drive  cn*  flqipy  disks. 

If  periodic  equipment  signal  sari^les  are  retained  on  disk,  an  aut(»natic  history  of 
the  equipment  can  be  maintained  by  placing  the  data  into  a  ^ireadsheet  Bycon^iaring 
thehistory  files,  equipment  trends  can  be  carehilly  observed  and  regulated.  Ihisdatacan 
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then  be  used  to  hdp  monitor  equqment  deterioration  and  avoid  catastrophic  Mures  by 
using  analysis  software  to  predict  time  of  replacement 

Data  acquisition  systems  hdp  eliminate  shipboard  wei^  since  less  equqxnent  is 
required  to  do  the  same  job.  Less  spscc  is  required  for  borage  since  there  are  fewer 
articles  to  store.  And  die  cost  is  less  than  die  required  number  of  individual  pieces  of  test 
eippment 

Downsizing  of  die  Navy  means  less  personnd  to  nm  a  ship.  Data  acquisition 
systems  can  assist  one  person  acquire  data,  lun  the  tests,  analyze  the  data,  and  generate 
arepcMl  After  obtaining  die  data,  most  ofdie  work  can  be  acccanplished  in  a  workplace, 
ofiSce,  or  anywhere  away  fitxn  distractions.  By  sending  die  data  to  a  shore  &dlity, 
fleetwide  fticts  can  be  collected  and  diagiosed  to  determine  trends  for  classes  of 
shi^  <x  particular  equipment  to  aid  in  budgeted  fimds  allocated  for  maintenance.  It  is 
easier  to  know  in  advance  any  negative  trends  in  equipment  to  help  plan  money  needed 
to  repair  or  r^lace. 

Aldiou^  it  is  easier  to  inqilement  a  new  system  (xi  board  new  omstniction,  data 
acquisition  systems  are  not  diat  ccm^licated,  and  do  not  require  con^l^  overiiaul  of 
existing  equipment  in  order  to  use  it  ^ps  under  construction  do  not  have  to  be  the  only 
ones  to  benefit  fixrni  a  data  acquisition  systen^  Existing  ^ps  masy  benefit  nxxe  fixxn  a 
data  acquisiticxi  system  by  using  one  to  rqilacebrNoencHr  missing  test  equipment  fidget 
cuts  usually  mean  qieratiQns  still  continue,  but  maintenance  funds  suffer. 
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a  FRf^lEimVEMAlNllI^ANCESYSrilMAD^ 

Catain  Ptcvendve  Maintenance  System  (PMS)  checks  can  benefit  since  the 
tedmician  will  ^)end  less  time  performing  a  check,  and  could  accomplish  more  work  in 
oneday.  The  data  acquisition  system  can  serve  as  a  weekly,  monthly  and  quarterly  rqxxt 
generator  for  ampleted  PMS  diedcs. 

Actual  PMS  cards  could  be  included  on  a  separate  disk.  Equipment  needed  and 
each  step  to  perform  would  be  diplayed  (XI  the  screen  when  a  check  was  selected,  l^xxi 
reaching  any  stp  foat  requires  observing  an  electrical  signal,  the  data  acquisition  system 
would  transfcxm  into  the  specific  test  eqniixnent  Once  the  data  is  obtained,  the  system 
would  revert  back  to  the  next  PMS  (iieck. 

Another  variation  could  have  two  screens  diplayed  simultaneously,  one  with  foe 
test  equipment  Virtual  Instrument,  and  foe  other  with  the  PNC  card.  This  would  allow 
foe  cperator  to  perform  the  test  and  read  previcxis  stqps,  but  not  change  screen  views 
ccxipletely  and  distract  the  operatcx'. 

Each  PC  has  an  internal  cl(xdc  vfoich  could  provide  a  time  stamp  for  PMS 
ccxipletitxL  This  would  be  logged  autcxnatically  when  the  check  is  finished,  avoiding 
sailcx:  fixrgetfiilness.  In  (xder  foe  cheat  the  system,  a  tec^cian  would  have  to  alter  the 
system  clock.  This  can  be  refiiained  fiom  by  using  password  protecticxi  fix*  access  to 
system  parameters. 


C  SUnABUIY  FOR  SOPS 

Backup  power  for  a  laptop  data  acquisition  system  is  just  anodier  battery  pack,  so 
shipboard  power  losses  are  not  a  problem  But  using  a  laptop  syston  in  a  Amiflgff  control 
envirniment  may  have  drawbacks.  Elcoricians  need  a  meter  to  verify  power  loss.  A 
data  acquisitirxi  system  may  riot  suit  the  requiranent  for  having  a  meter  in  a  rqjair  lodoer. 

Surge  protection  is  oily  required  for  the  battery  dharger  or  base  unit  since  die 
laptqi  is  pcxtable.  The  Irpb^  can  be  carried  to  the  equipment  to  perform  du^postic  tests 
and  data  gathering. 

Eadi  class  of  ship  major  piece  of  equipment  could  have  custcxn  designed 
di^lays  and  reports  that  would  require  less  pqier  work  fa*  file  maintenance.  By  usii^ 
software  generated  forms,  the  Navy  could  ipdate  form  layout  mudi  fiister,  since  diere 
would  not  be  a  need  to  dqilete  the  stock  of  old  fonns  in  the  fleet  This  alone  is  a 
substantial  savings,  because  there  is  no  need  to  have  esqiensive  printing  services  for  every 
form  iqxiate  or  comectiofL 

Dqiloying  new  or  iplated  weqxxis  systenas  ot  madiinery  in  the  fleet  requires 
^ledal  attention  to  certain  variables  for  moniftxing  proper  operation.  The  required  rqxxt 
information  will  change  over  the  life  ^lan  of  ftiat  piece  of  equipment  Once  the 
equipment  has  Txr^cen  in,'  a  new  set  of  data  is  usually  required.  By  having  sofiware 
ftams  used,  changing  rqxxt  mfinmaticm  would  be  easier.  The  previous  data  collected 
would  still  be  retained  and  impleniented  in  a  hisUxy  file. 
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a  IRAINING 


With  each  piece  of  new  test  equifxnent,  operator  training  is  required.  A  axiqxiter 
data  acquisition  system  could  use  a  Wtual  Instrument  as  an  instructor  for  a  self  paced 
course  cm  signals  and  data  gathering.  Infcxmative  assistance  tuUxials  included  on  a  data 
acquisition  system  would  allow  sailors  to  'open  a  new  screen'  and  view  details  on 
ol^aining  signals  that  vaay  have  been  fo'gotteiL  The  sailor  may  now  perform  fewer 
mistakes  for  lack  of  asking  questions  of  si^pervisots,  but  looking  at  a  help  screen. 

The  data  acquisitirm  system  software  could  be  structured  with  sectirxis  ccxitaining 
Lnf<xmati(xi  on  signals,  rqxxt  generaticxi,  equipment  trerxls  to  be  aware  o^  and  warning 
signs  of  equiinnent  Mure.  The  PC  can  also  be  used  fcr  the  usual  functicxis  of  word 
processing. 

With  shipboard  divisions  having  a  vast  assortment  of  equipment  to  maintain,  very 
little  time  can  be  spend  learning  each  pieces  peculiarities.  Having  a  system  with  a 
histcny  immediately  available  to  brief  a  persrm  would  enhance  any  classro(»n  knowledge 
gained.  Using  corr^xiter  equiprrient  histcxy  data  to  e>q)arKl  ejqxrience  can  CHily  prranote 
a  more  efficient  running  ship. 

E  (»STACLES  TO  OVERCCHVIE 

One  big  disadvantage  of  data  acquisiticm  systems  in  die  military  is  calibration. 
Although  3  data  acquisiticHi  board's  EEPROM  is  calibrated  at  the  factory,  can  a  ship 
perform  a  dieck  cm  that  calibration  standard?  Will  the  syston  have  to  be  sent  off  fen:  fine 
tuning  at  a  regular  interval,  and  waste  moK  time,  or,  can  a  ship  have  electronic  standards 
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for  in^KXJse  calflxation?  Any  data  acquisition  system  replacing  test  iistniments  will  cut 
the  number  of  items  requiring  calibration. 

Rugged  mdustiy  PCs  are  osiently  bdng  produced  that  meet  mil  standards,  and  can 
withstand  shipboard  abuse.  But  weig^  and  dimensions  must  be  minimized  to  avoid  ride 
of  damage  and  disturbance  fixxn  transporting  it  fitxn  shop  to  equifxnem  i^ben  going 
throu^  small  accesses. 

One  data  acquisititxi  board  is  not  able  to  ccxitrol  a  magnitude  of  ranges  of  current 
and  voltage  aboard  ship.  Voltages  encountered  are  from  a  few  microvolts  for  antenna 
signals,  to  hundreds  of  volts  e7q)eiienced  in  a  ship  distributirm  system,  and  currents  can 
be  found  widi  die  same  extremes.  If  a  data  acquisition  system  is  en^loyed,  several 
acquisition  boards  would  be  required,  one  for  low  value  acquisition,  another  for  medium 
values,  and  (xie  for  high  values.  The  boards  could  all  be  inside  one  con^xjter  in  a  rqiair 

o[  installed  within  several  Iqitop  ompjters.  Eadi  Iqitop  could  be  used  for  a 
^lecific  range  ofvalues,  similar  to  muldriieters  arid  power  sipplies.  This  does  not  limit 
a  data  acquisiticxi  system,  but  eiqiarKls  die  c^iabilities  of  die  system,  allowing  greater 
fl&dbility. 

The  ultimate  design  would  have  a  ^lecial  adqiter  on  die  machinery  to  plug  die  data 
acquisitirxi  system  into,  like  autcxnobile  diagnostic  hodc  vps,  to  determitie  if  the 
equipment  is  defective,  and  dim  diagnose  the  problem.  Hiis  would  be  similar  to  the 
system  found  on  new  aircraft. 

The  quantities  of  electronics  encountered  cm  board  a  naval  vessel  vary  so  much  in 
variety  and  magnitude  that  a  data  acquisition  system  can  become  a  universal  instrument 
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having  a  vay  large  measuring  range.  It  may  not  eliminate  every  piece  of  test  equqxnent, 
but  the  advantages  fen:  iq)lacing  most  out  wei^  any  disadvantage. 
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VL  CmCUJSlONS,  RE0QMME2SDATK]NS  AND  FimjRE  RESEARCH 
A.  OO^aUSIONS 

Die  requirement  to  build  and  inclement  a  data  acquisition  system  fcx*  the 
Electrcxiics  Engineering  course  iabcxatoiy  was  achieved  and  generated  considerable 
enthusiasm  fixim  staff  and  students.  Die  selection  and  use  of  available  software  and 
hardware  proved  to  be  a  substantial  in^xovonent  over  the  current  manual  hook-up  of  test 
equipment  and  test  circuits. 

Designing  a  single  screen  Mrtual  Instrument  ftx*  iipit  and  output  of  various 
eiqieriment  signals  proved  to  be  a  challenge.  One  goal  was  not  to  have  a  student  flip 
between  conqxiter  screens  to  run  an  individual  step  of  an  eiqieriment  Everything  f(x  that 
stq7,  functicxi  generator,  oscilloscope  irpit  and  ouQiut  signals,  and  direct-current  voltage, 
should  be  available  cm  txie  screen  fcx  viewing  and  adjusting. 

Design  of  each  Virtual  Instrument  started  wifli  the  presently  used  test  equipment 
By  looking  at  the  eiqieriments  and  determining  the  fiinctitxis  used  on  the  test  equipment, 
portions  of  the  equipment  simulated  that  had  no  influence  on  the  ^qiaiment  were 
eliminated.  Software  based  instruments  have  the  ability  to  place  cmly  the  functirais  and 
controls  (Hie  would  want  cm  the  Virtual  Instrument  Die  customization  available  for  each 
^iplication  is  cme  of  the  best  advantages  of  using  a  Virtual  Instrument 
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1.  Cbmputer  System 

When  this  thesis  was  first  envisicned,  all  existing  test  equijxnent  for  file 
ElectrcMiics  Engineering  labcx-atCMy  was  believed  to  be  replaceable  with  data  acquishiai 
systems.  Once  the  equipment  was  purdiased,  some  limitations  woe  found.  The  largest 
problem  was  not  being  able  to  simulate  a  curve  tracer,  the  most  ejqiensive  piece  of  test 
equipment  to  replace. 

Although  curve  tracer  fundamentals  can  be  imitated  wifii  this  syston,  the  high, 
200+  volt,  requirement  to  drive  a  diode  or  transistor  into  its  breakdown  regicxi  was  not 
feasible  for  duplication.  Extonal  power  sillies,  to  provide  the  high  voltage,  were  ruled 
out  due  to  the  extreme  safety  hazard  posed  to  peiscmel.  Future  experimoits  simulating 
a  curve  tracer  q^iear  to  be  limited.  Simulations  of  the  curve  tracer's  cnitput  can  be 
displayed  by  the  data  acquisitim  system.  But  the  student  would  not  be  able  to  acquire 
the  actual  parameters  of  the  specific  transistor  fiiey  would  use  in  the  design  an 
e?q)erimaital  circuit 

At  the  time  of  selecting  a  data  acquisitirxi  board,  no  company,  fiom  whran  the 
board  mi^  be  purchased,  suggested  or  required  a  particular  brand  of  conqxiter  ex' 
peripheral  ec{uipment  The  only  selection  guidelines  given  woe  whether  to  use  IBM 
PS/2s,  IBM  clexies,  (x*  Apple  Macintoshes.  IBM  clones  woe  selected,  not  emly  due  to 
limited  funds,  but  also  because  most  studoits  have  expoience  using  an  IBM  type 
conpjter.  Anotho'  factor  was  the  proposed  e^qxmsion  of  using  this  software  in  ofiier 
engineering  laboratcxies  to  facilitate  standardization  of  Virtual  Instrument  based 
esqiaiments. 
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Out  of  the  eleven  conputer  systems  purchased,  5  conpiters  had  (me  or  more 
defects,  see  Table  7-1.  Observe  fiom  the  table  that  one  conputer  did  not  boot-up  i  jiectly 
out  of  the  box.  It  was  wondered  how  that  system  was  tested  prior  to  shipment.  It  should 
be  noted  that  these  woe  con^uter  systems  purchased  new,  to  be  used  exclusively  for  this 
laboratory. 

Testing  of  the  conqjuters  isolated  most  defects.  These  defects  were  placed 
into  the  three  computers  suspected  of  bad  motherboards  and  sent  back  to  the  conpany. 
The  conputers  have  returned  and  there  is  ^11  a  problem  with  two,  th^  do  not  run  the 
LabVIEW  software  correctly.  This  ppears  to  be  the  motherboard's  tolerance  level,  since 
all  conputer  systems  are  identical,  and  sw^ing  parts  does  not  solve  the  probl^ 
Diagnostics  perfimned  on  the  system  did  not  find  any  flaws  with  eitho:  conputo*,  but  the 
{xoblem  still  exists.  Isolation  of  the  actual  area  of  fault  is  beyond  the  scope  of  this  thesis. 
The  remaining  conputers  have  had  no  difficulty  tunning  LabVIEW,  the  pplications,  or 
the  acquisition  board. 
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TABLE  7-1  -  CCMPUTER  FLAWS 


Number 

of 

Conqxiters 

Problem 

2 

Hard  Disk  Drive/Controller  Failure 

1 

Bad  SIMM 

1 

Would  Not  Boot  New  From  Box 

2 

Not  Conqxtible  With  Acepsitiem  Software 

1 

A^^ll  Not  Boot  Into  LabVIEW  From  Windows 

1 

Bad  3'/2"  Disk  Drive 

1 

Auto-Rdx30ted,  Indq}aident  of  Opoator 

2.  Software 

Finding  a  conpitible  software  fen:  the  desired  acquisition  board  was  not  a 
problem  fen-  use  with  this  thesis.  The  same  conpiny,  National  Instruments,  was  selected 
for  both.  Althou^  there  are  many  conpanies  with  similar  acquisition  software, 
LabVIEW  offered  substantial  savings  since  it  was  purchased  for  educational  use. 

All  Virtual  Instrumaits  were  oeated  referencing  the  user  manuals.  The 
simple  hook  iq)  of  icons  to  develop  a  Virtual  Instniment  showed  that  the  software  is  very 
user  ftioidly  for  non-pngramming  type  people.  The  nine  user  manuals  gave  an  in-depth 
logical  understanding  of  how  to  develop  and  run  Virtual  Instruments.  Virtual  Instniment 
design,  using  icons,  was  much  easier  than  writing  hundreds  of  lines  of  code  to  poform 


the  same  function.  The  software  performed  better  than  anticipated  for  the  laboratcny 
e7q)aiments. 
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3.  liEHdwaie 


The  acquisition  board  selected  did  not  have  an  adequate  numbo*  of.  output 
channels  for  some  of  the  experiments.  The  board  selected  could  produce  the  signals,  but 
the  number  of  signals  was  not  taken  into  account  fcM*  each  particular  e?q)aiment.  The 
board  used  had  a  sufScioit  numbo'  of  iiput  diannels,  but  having  cmly  two  output 
channels  did  limit  a  few  eTqjoimaits.  One  required  an  additicaial  external  power  si^ly 
to  complete  the  testing.  This  could  have  been  avoided  by  mcxe  research  conparing  each 
e?q)aimenf  s  requirements  with  the  available  boards  specificatims. 

4.  LaboiatDiy 

The  finite  time  available  arul  limited  offering  of  the  course  prohibits  this  thesis 
fix)m  any  practical  analysis  of  \Trtual  Instrument  designs.  The  practical  plication  will 
come  from  the  student  using  and  con^jaring  the  con^uterized  test  methods  with  their 
experience  oi^loying  benchtq)  test  equipment. 

The  system  was  demcxistrated  to,  and  used  by,  the  laboratory  technicians  who 
found  the  sin^licity  of  running  a  Virtual  Instrument  enjoyable.  They  commaited  that  the 
data  acquisition  system  with  the  LaserJet  output  was  a  big  inprovement  over  setting  up 
and  adjusting  test  equipmoit,  and  manual  sketching  of  waveforms.  It  was  also  noted  that 
the  laboratory  e?q)eriments  woe  completed  &ster  by  using  a  software  based  system. 

A  few  students  were  asked  to  run  several  experiments  using  the  data 
acquisition  system  and  conpne  it  to  the  manual  method.  The  student  opinions  were  all 
f  vorable  towards  the  data  acquisition  systetiL  They  commented  positively  of  the  ease 
of  use,  speed  of  hook-i^,  hi^  quality  output,  and  sinple  signal  selectioa  The  only 
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miiK^  item  of  criticism  was  the  oxnbinatiais  of  colcx*  fa*  die  screen.  These  were 
dianged  to  help  distinguish  ii^  and  ouQiut  signals. 


a 


a 


ndahons 


1.  Cbmputer  System 

The  problem  with  purchasing  conpitos  from  a  modest  business,  is  their 
quality  margin  fw  selling  small  quantities  of  itons.  Due  to  the  limited  volume  of  sales, 
some  small  businesses  make  iiKxiey  by  installing  products  with  a  marginal  quality  level. 
If  one  part  is  tested  alone,  the  part  would  not  fail  very  often.  But  combine  a  multitude 
of  marginal  pieces  togedia  and  the  system  frils  frequendy.  This  degrades  system 
reliability  many  more  times  than  using  a  single  marginal  part 

It  is  recommended  that  con^lete  specificadcxis  fra*  at  least  the  motherboard,  central 
processing  unit,  iiqjut/output  controllers,  video  cards,  and  random  access  menx)ry  be 
included  in  the  purchase  order  to  eliminate  a  vendra:  using  less  than  desirable  parts.  It 
is  noted  that  just  specifying  particular  items  will  not  guarantee  the  part  is  premium 
quality,  but  the  odds  are  more  in  favor  of  having  a  total  system  that  responds  as 
anticipated. 

2.  Software 

No  recommraidation  is  required  fra*  the  software  since  it  perframed  beyraid 
e?q3ectations.  It  was  not  shown  whether  purchasing  from  the  same  manufacturer  of  the 
data  acc^uisition  board  had  any  advantage  over  purchasing  con^iatible  software  from  a 
different  vraidor.  Tl^  was  no  other  acquisition  software/hardware  combinatirais 
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available  to  test  and  compare.  No  problem  was  encountered,  ot  esqiected,  with  die 
conqjatibility  of  the  selected  board  and  software  c^ierating  together. 

A  bonus  to  the  software  would  be  to  include  sound.  Aldiough  it  is  not  needed 
by  this  labwatoiy,  other  courses  stucfy  an^iifiers  and  soundwaves.  TIk  ability  to  use  a 
data  acquisition  system  with  an  audible  feature  could  enhance  the  studenf  s  ability  to 
understand  some  electronic  and  soundsvave  principles.  But  this  feature  is  best 
in^lemented  into  the  software  by  the  manu&cturer. 

3.  Hudwaie 

If  a  data  acquisiti(»i  board  is  under  ccmsideratiai  ftn:  a  labmatc^  course,  it 
is  recommended  to  select  a  board  with  hi^ier  resolution  and  a  greater  range  of  selection 
for  voltage  and  current  Safety  considerations  need  to  be  lorded  at  closely  if  values  are 
needed  above  35  volts  and  0.1  amperes. 

4.  lidboralDiy 

The  entire  laboratory  setip  t^eds  to  be  tested  under  full  utilizaticm  by  a  class. 
Until  the  laboratory  ssXup  is  conpletely  running  in  a  studoit  environment  it  cannot  be 
deterrriinedifeach  Virtual  Irrstriimeiit  has  ail  flaws  eliriiiiiated.  Finding  &ults  in  flie  setiq? 
is  easier  if  the  software  is  placed  in  evayday  use. 

The  laboratory  has  the  csqxibility  for  a  tutcnial  designed  to  stq)  ftirou^  a 
Virtual  Instrument  session.  This  would  be  especially  suited  if  more  than  one  class  or 
departmoit  standardizes  labcnatory  software.  By  using  one  main  acquisiticxi  software  fix* 
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a  variety  of  engineering  classes,  (pnterly  student  software  learning  curves  are  eliminated 
allowing  nxxe  time  for  instruction  of  course  marwial 

C  FUnjRE  RESEARCH 

The  software  and  hardware  selected  for  this  diesis  is  also  available  for  Sun 
wnkstations.  Future  reseatdi  could  determine  if  using  a  workstation  for  a  student 
lalxHatory  is  feasible.  Setting  up  a  workstadai  laboratory  using  data  acquisition  software 
and  hardware  widi  i^pecialized  signal  analysis  software  could  result  in  rrpd  thesis  design 
£^lications.  A  drawback  is  the  possible  high  cost 

Actual  qiplicatirm  of  a  data  acquisidtti  system  using  laptop  conpjters  on  board  a 
naval  vessel  would  be  another  area  of  future  research.  F.liminaticm  of  equiptiant  and  cost 
reductions,  as  noted  in  this  thesis,  can  be  directly  ^lied  to  implementing  this  system  on 
board  a  ship. 

If  a  labOTatory  requites  use  of  specialized  pieces  of  test  equipment,  VXIbus  (VME 
extensions  fix'  instrumentation  bus)  con^xxients  should  be  researdied.  This  instrument- 
on-a-card  standard  was  introduced  in  1987.  They  are  hi^-performance,  sophisticated 
instruments  that  combine  with  GPIB  (General  Purpose  Inter&ce  Bus)  equijnnent  and  data 
acquisition  boards.  Combining  these  instruments  with  data  acquisiticm  software  can 
ejqiand  electrcmic  researdi  areas. 

1.  Farther  Applications 

Most  colleges  or  universities  do  not  need  highly  technical  measuring  devices 
for  basic  electronics  labcxatodes.  T>  lals  generated  and  tested  are  very  (xdinary, 
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usually  60*1000  hertz  and  ±10  volts.  Any  mechanical  or  electrical  laboratory  having 
signals  with  these  characteristics  should  look  into  using  a  data  acquisition  sy'^em  to 
produce  the  signals.  The  prime  purpose  of  a  basic  electronics  laborat(xy  is  to  &qjeriment 
with  elementary  electronic  devices.  Having  a  data  acquisitioi  system  reduces  the 
drudgery  of  hoc^g  up  test  equipment  and  increases  the  quality  of  studoit  e^qxriment 
output 

If  more  classes  or  dqjartments  use  the  same  data  acquisiticffi  systons,  active 
learning  could  be  inccapcHated  by  making  iab(»atCMy  exercises  interactive  between  than. 
The  school  could  have  integrated  engineering  wcxkstatiais  designed  to  increase 
development  productivity. 

The  Navy  Electroiics  Tedmician  and  Electrician  'A*  and  'C  schools,  and  otha 
Navy  electrcHiics  schools,  could  also  boiefit  by  using  a  data  accpjisiticHi  system  over 
benchtop  instruments.  Althou^  die  data  acqjuisiticm  system  is  not  currently  in  the  fleet, 
learning  test  ecpiipment  fundamentals  thrcHi^  Virtual  Instruments  has  many  advantages 
ova  boic  est  ecpiipment  The  ber^fits  discussed  throu^out  this  thesis  apply. 
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APPENDIX.  A  -  FRONT  PANiL  DSFLAY  AND  BLOCK  DIAGRAM 


Hus  Appendix  contains  the  front  pand  di^Iay  and  die  associated  block  di^t^ 
as  viewed  the  user.  Each  front  panel  printout  shows  the  switch  and  oscilloscope 
placement,  and  die  initial  control  knob  and  indicator  settings.  Actual  placement  of  eadi 
fixHit  panel  con^xxient  on  die  screen  does  not  affect  any  block  diagram  wiring.  Deledon 
of  a  front  panel  switch  oc  display  will  cause  the  associated  blodc  diagram  icon  to 
disj^ipear  also,  causing  a  btdcen  run  tinie  arrow.  The  Virtual  Instrurnent  will  riot  furiction 
until  die  fruity  wiring  or  missing  item  is  replaced.  For  diesereasrxis  the  Lalxxatrxy  user 
front  panel  has  been  saved  in  a  run  only  mode,  no  modification  to  the  panel  will  be  able 
to  be  saved  by  the  usa. 
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EC  2200  Laboratory  Experiment  2 
Power  Supply  Characteristics  and  Design 
Naval  Postgraduate  School 


045  0.050 
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EC  2200  Laboratory  Experiment  7 
Two  Stage  Transistor  Amplifier 
Naval  Postgraduate  School 


APPENDIX  B  -  LABORATORY  EXPERIMENTS 


Af^jendix  B  axitains  each  Latxxatcxy  used  with  \%tual  Instmments.  The 
e7q)aiinents  have  temaii^  the  same  from  the  original  Electronics  Engineoing  course 
with  the  excqjticMi  of  voltage  and  resistor  values.  Each  experiment  is  allotted  oie 
labcMratory  period  (3  hours)  for  conpletioL 

The  Labcoatory's  that  use  the  curve  tracer  have  not  been  included  since  those  do  not 
involve  any  \%tual  Instmments  and  remain  as  first  desigt^ 
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NAVAL  POSTTGRADUAIE  SCHOOL 
MoniNey,  GBlifonia 


EC2200  Laboratoiy  ShnifMdHel 

Eipmnientl 

POWER  SUPPLY  characierbucs  and  design 


OBJECTIVE 

In  the  first  part  of  fills  esqierinient,  we  will  stucfy  the  output  characteristics  of  a  dual  in>iine 
full-wave  Mdge  rectifier  constnicted  using  four  silicon  diodes  enclosed  in  an  qxtxy  case. 
We  will  also  observe  the  effect  of  a  aqiacitcs’  filter,  varying  the  load  resistance,  dad  filie 
effects  of  ccKiverting  the  circuit  into  a  "regulated"  power  siq^ply  by  shunting  a  zener  diode 
across  the  output  tenninals. 

In  the  second  part  you  will  design,  hiild,  and  test  a  c^iacitcx*  filtered  Isidge  rectifier  to 
siqiply  S  volts,  60  1^  at  1  tnA  of  load  current  wifii  a  ripple  of  less  than  l.OV  p-p. 

You  will  also  be  required  to  inpove  file  regulatic»i  of  your  dc  power  siqiply  design  by 
adding  a  Zener  diode  regulator. 

EOLSEMENT: 

Conpiter  stati(xi  with  LabVIEW  fix*  Windows 
Diode  bridge  rectifier  (VM18) 

Resistcxs  (as  called  fix*  by  design) 

Opacitcx*  (as  called  for  design) 

4.3  volt  Zmer  diode  (1N5229) 

Decade  Resistance  Box 


Select  LabVIEW  From  the  Windows  menu.  Double  click  on  the  LabVIEW  Icot.  When  file 
"Untitled  1"  screen  appears,  choose  fixxn  the  File  menu.  Open  the  2200LAB.LLB  file. 
Select  and  qien  LAI^  Pvvr  Supply  Char  &  Design.  VI  When  the  fimt  panel  aj^iears,  use  file 
Operoir^  tool  (pointing  finger)  to  select  the  sine  Wavefixm  by  clicking  cxi  ^  up  or  down 
arrows.  Place  fi^  tool  ova:  the  line  on  the  An^litude  knob,  click  and  hold  left  mouse  button  and 
"rotate"  full  CW  to  10.0  volts.  Change  o'scc^  display  y-axis  to  5.0  volts  maximum  value  by 
placing  tool  over  current  value,  then  cliddng  1^  mouse  buttcxi  once,  delete  the  current  value,  ai^ 
type  in  5.0.  Clide  once  outside  the  display  to  accqA  value. 
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PARTt 

PROCEDURE 

1  .a  Connect  the  signal  source  to  the  bridge,  pins  20  (+)  and  23  (-).  Do  not  ground  the  ouQ>ut 
of  the  source  to  any  circuit  ground 

b.  Con^lete  the  circuit  connecticMis  of  Fig.  1  (section  a  or  ’  with  R^  set  at  lOK  and  without 
the  c^acitor).  Connect  pins  3  (+)  and  4  (-)  to  obtain  l  jtput  wavefOTm.  Click  ot  the 
Run  button  to  start  the  VI.  Obs^e  the  oi^ut  waveftMui  and  notice  the  EXT  ou^ut  voltage 
(HI  the  mete".  "Push"  the  Stop  button  to  fieeze  the  VI.  (Con:5)are  the  meter  trading  with 
that  {Hiedictable  fiom  the  ou^ut  wavefiMm.)  Print  the  front  panel  by  selecting  Print  from 
the  File  menu.  When  the  print  menu  appears,  select  All,  then  PrinI,  bit  map  printing  is  not 
reqiuired 

2.a  Connect  a  10  pf  c^acitor  in  parallel  with  the  load  resistance  as  shown  in  Fig.l.a  Run  the 
VI.  Note  the  value  of  the  p^-to-peak  ripple  voltage.  Stop  the  VI.  Observe  the  output 
rectified  voltage  on  the  meter,  ftint  the  firjnt  panel  as  above.  (Ejqilain  any  output  changes 
produced  by  the  addition  of  the  cap^itor.  Conpare  the  obtained  ripple  volta^  with  to 
predictable  fiom  theory.) 

b.  Rq)eat  the  above  step  with  1^  set  at  IK  and  thai  decrease  down  to  SOOQas  you  run  the 
VI.  (B^lain  all  obs^ed  ouQ)ut  changes  as  R^,  is  progressively  decreased  How  does  the 
"regulaticHi"  of  this  circuit  compare  with  that  of  die  circuit  with  the  unfiltoed  output?) 
Stop  the  VI. 
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3.  Connect  part  b  of  Fig.  l.a  to  the  rest  of  the  circuit  with  the  load  resistance  moved  to 
the  ouQHit 

a.  \V^th  set  at  lOK,  Rim  the  VI.  Observe  and  note  the  output  waveform  and  IX)  meter 
voltage.  (Conqiare  all  results  widi  those  obtained  in  Part  2a.). 

b.  Vary  the  circuit  input  voltage  downward  from  10  volts,  the  iqj/down  arrows  beside  the 
digital  amplitude  display  can  fine  tune  voltage.  Describe  the  pattern  of  the  ouQHit 
wavefmn  and  voltage  dianges  as  is  progressively  decreased,  netting  any  significant 
change(s)  in  this  pattern.  (Is  the  pattern  predictable  from  thettty?)  Stop  the  VI  when 
ccffi^leted. 

c.  Restore  the  circuit  ii^Hit  anqjlitude  to  10  volts.  Observe  the  output  characteristics  with  R^ 
set  at  IK  and  then  at  500Q  as  you  Run  the  VI.  (Discuss  the  results  and  ccxrel^  any 
observed  changes  with  theory  as  R^  is  reduced.  Desaibe  and  justify  any  differences  in  the 
"regulation"  of  this  circuit  conpared  with  that  of  Part  2b. 


PABTIt 

You  are  required  to  design  a  power  siq>ply  that  will  provide  the  following: 

1.  5  volts  dc,  60  Hz  with  a  ripple  of  less  than  0.5V  p-p. 

2.  Inprove  the  regulation  of  your  dc  power  supply  by  adding  a  Zoier  diode  regulates. 


PRQCEDUBEl 


1.  Before  coming  to  the  lab:  Confide  the  design  of  your  filtered  rectifier  on  papa*  using 
standard  con^nent  values.  Dr^  your  circuit,  labeling  all  peitinent  values. 

2.  Build  and  test  your  power  supply  circuit  following  the  preceding  problem  foe  VI  setiq). 
Run  the  VI  to  obtain  your  wavefcRins.  Ensure  you  Stop  the  VI  befeme  adding  or  removing 
any  con^wneits.  Take  data,  using  pin  3  as  pos  (+)  ai^  pin  4  as  neg  (-),  that  will  enable 
you  to  find  (directly  or  indirectly)  the  following:  Vj^ ,  Vp ,  V, ,  II  ,  and  %  regulation. 

3. a  On  semilog  p^jo:  plot  V^.  vs.  R^  fix’  values  of  Ri,  ranging  between  500  ohms  and  lOOK 

(X  larger.  E^lain  the  results. 

b.  On  linear  p^jct  plot  V*.  vs.  Vp  for  various  values  of  Vp  with  R^  =  5K  (You  may  Run  the 
VI  while  inaeasing  or  deaeasing  Vp  using  the  Anplitude  knob.)  Explain  the  results. 
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4.  Improve  your  regulation  by  adding  a  4.3  volt  Zener  diode  (1N5229)  and  a  resistcr  to  your 
OTiginal  dc  power  siqjply  design.  (You  will  want  to  increase  Vp  as  well.) 

Repeat  step  3  noting  the  improved  regulatioa  Draw  your  new  circuit,  labeling  all  pertinent 
values.  Ejq)lain  wiiy  the  results  of  steps  3  and  4  are  dififerait. 
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EC2200  Laboratoiy 


NAVAL  POSTTCRADUATE  SCHOOL 
Mnierey,  Griifomia 


SherifMkiiael 


Experimeiit  3 

D1CX)E  ORCUnS  AND  APPLICATIONS 


QBJECnVE 

In  this  oqjoriment,  you  will  sturty  tiie  use  of  diodes  as  switching  elements  in  die  following 
circuit  qiplicadons:  clipping,  clanging,  voltage  doubling  and  gating.  You  will  observe  the 
input  ai^  output  wavefcxms  versus  time  and  obtain  transfer  plots  of  the  output  versis  the 
ii^  voltage  of  the  circuits. 

EQUIPMENT: 

Con^uter  with  LabVIEW  for  Windows  and  C(»mectc»r  Block 
HP  721A  Power  S^iply 
Wavetdc  142  Signal  Gmerator 
Resistcns  (different  values) 

Capacitors:  0.1  pF  &  100  pF  (2) 

2  -  1N483B  Diodes 

Select  LabVIEW  From  the  Windows  menu.  Double  click  on  the  LabVIEW  Icol  When  the 
"Untitled  1"  screen  sq^iears,  choose  fiom  the  File  menu.  Open  die  2200LAB.LLB  file. 
Select  and  open  LABS  Diode  Gicdts &.^iI)iicatioiB.VL  Whoi  the  fixmt  panel  ^ipears,  use  die 
Qjeniir^tool  (pointing  finger)  to  select  10.0  volts  by  clicking  on  the  An^ilitude  (p^)  iqi  arrow. 
Ensure  the  sine  Wavefcm  is  selected 

PROCEDURE 

A.  dipping  Application: 

1.  Build  the  first  circuit  to  be  studied  ^wn  in  Fig.  1.  It  is  a  basic  rectifier  circuit  wherein 
a  finite  dc  output  conqxxient  is  obtained  by  halfvvave  clipping  of  a  sinusoidal  iqiut  voltage. 

a  Connect  the  ii^  voltage  to  the  circuit,  pins  20  (+),  23  (-).  Use  pin  3  (+)  and  pin  4  (-) 
to  observe  ii^ut  signals,  and  pin  5  (+)  and  pin  6  (-)  for  the  ouQiuts.  CcmruBct  pins  1  ai^ 
2  to  the  other  negative  (-)  pins  for  the  entire  esperiment. 

b.  Apply  the  VI  voltage  to  the  dicxle  circuit  by  clicking  on  the  Run  buttcm.  Observe  the  ii^xit 
and  output  voltages  vosus  time  on  large  o'sccpe  screen.  Does  the  half-wave  clipping  level 
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deviate  noticeably  fixxn  zero?  Stq)  the  VI  by  cliddng  on  tie  Stop  iHitton.  E}q)lain  any 
deviation.  What  is  the  average  or  dc  value  of  tiiis  half-wave  rectified  output? 


F^ure  1  -  Basic  Rectifier 


c.  Observe  the  plot  of  the  transfer  character  of  tie  circuit,  i.e.,  a  plot  of  versus  V, ,  in  tie 
lower  left  cxaner  by  turning  ON  tie  Transf  e  r  Characteristic  switch  and  then  Run  tie  VI. 
Stop  tie  VI.  Change  small  o'scope  di^l^  y-axis  to  10.0  volts  maximum  value  1^  placing 
Opervtir^  tool  over  current  value,  then  clicking  left  mouse  button  once,  delete  tie  current 
value,  ar^  type  in  10.0.  Click  oee  outside  the  display  to  accqit  value.  Do  tie  sane  fix* 
tie  x-axis  maximum  value  using  12.0  as  the  new  number.  Relate  the  clipping  acti(xi 
observed  in  Part  b  witii  the  pattern  of  tie  transfer  characteristic.  Print  tie  ficnt  panel  by 
selecting  Aint  fiom  the  FUe  menu.  Whoi  the  print  menu  appears,  select  All,  ti^  nint, 
bit  nu^  printing  is  not  required. 

2.  Set  the  clipping  circuit  shown  in  Fig.  2  using  a  10  volt  peak  V|  and  a  V^  of  3  volts. 
Set  Vr  by  clicking  on  the  iq)  arrow  of  the  DC  voltage  box  until  3.0  is  obtained.  Connect  tie  DC 
volta^  by  using  pin  21  to  the  diode.  Turn  the  DC  power  on  by  clicking  above  tie  DC  switch. 
Run  the  VI.  Observe  the  V,,  waveform  and  tie  transfer  char^teristic.  Stop  the  VI.  Change 
o'scqe  d^l^  to  obtain  full  transfer  characteristic,  (5.0,  -12.0  for  x-  and  y-axis).  Ptint  tie 
paiel  as  in  1  .c  above.  Reverse  the  polarity  of  Vr  1^  clicking  (xi  DC  volt^  down  arrow  until  - 
3.0  is  reached.  Run  the  VI  and  rep^  these  obsovations.  Correlate  the  results  with  theory. 
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Pin  20 
Pin  23 


r“VSAr" 

100  Kohm 


T 


Pin  21 

v: 


•  Pin  5 

V 

*^OUT 

tPinO 


Figure  2  -  Qippiiig  Qreuit 


3.  Change  tiie  DC  volt^  to  +3,0.  Modify  the  circuit  of  Fig.  2  by  paralleling  the  diode  -  Vr 
string  with  a  second  diode  in  series  with  a  dc  source  provided  by  the  HP  721A  and  using  the  (+) 
and  (-)  outputs,  en^  the  HP  721A  MEIBR  RANCffi  is  set  on  10  VDC.  Design  this  circuit  to 
provide  a  symmetrically  clipped  ou^  wavefonn  with  maximum  and  ixiiiiinium  values  of  +3  and 
-3  volts,  respectively.  Run  the  VI  and  observe  the  waveform,  adjusting  both  HP  721A  and  die 
DC  Voltage  as  required.  Stop  the  VI  i^iien  proper  ouqxit  is  obtoined.  Draw  your  circuit  and 
Print  the  fixmt  panel  ou^  waveforms.  Conqiare  die  average  dc  ouqxit  level  of  this  circuit  widi 
diat  obtained  widi  the  circuit  of  Part  1. 

4.  Restructure  the  clipping  circuit  to  [xovide  V^  maximum  of  +5  volts  and  a  minimum  of  +2 
volts.  Pint  your  results  ^  draw  your  circuiL 
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B.  Qampiiig  ApfiUcations: 

Fig.  3  shows  a  basic  clanq)ing  circuit 


Figure  3  -  Qampiig  Qicuit 

5.  Set  tile  circuit  using  a  square  wave  iipit  of  5  Vpp  at  a  frequency  of  500  Hz  (frequency 
is  autcmiati(^ly  selected).  Obtain  tiie  ou^  waveforms  using  resistor  values  of  ISkQand  15(HcO 
respectively.  RintiieVI.  Stop  tiie  Vito  Ainttiie  waveforms,  then  note  the  zero  level  of  both 
printo^.  Riwerse  the  diode  and  witii  R  =  ISIHcH  Rin  the  VI,  Print  the  ouq>ut  wavefonn. 
Explain  the  dififerences  in  output  wavefrxms  obtained  witii  the  different  circuit  arrangements. 

6.  Restructure  the  circuit  of  Fig.  3  to  provide  an  essentially  square  wave  ouqxit  that  is 
top-clanped  at  +2.5  volts.  Draw  your  circuit  design  and  ftint  the  obtained  output  waveform. 


C  Voltage  Doiriiling  Applications: 

7.  Build  the  circuit  shown  in  Fig.  4,  flying  a  5  Vpp  square  wave  input,  pin  20  (+)  and  pin 
23(-).  Observe  and  then  nint  the  output  at  point  a,  then  point  b.  How  does  this  ouqxit  oaipnie 
with  your  predicticxi? 


91 


b 

I  Pin  5 

VouT 

tPin6 


Figure  4  -  Voltage  DoufaUug  Greiat 

D.  Gating  Application: 

8.  Fig.  5  shows  a  gating  circuit  wherein  a  cxaitrol  voltage  Vq  detennines  tiie  passage  of  a 
signal  Vj  fiom  the  iipit  to  ou^  terminals.  Let  Vq  be  a  square  wave  of  10  Vpp  at  a  fiequency 
of  500  Hz  fix)m  the  VI  and  Vj  be  equal  to  5  sin  271(10, 000)t  delivered  from  a  second  generator. 
(The  second  generatcx's  ouqjut  may  be  checked  by  connecting  its  output  to  pins  3  and  4,  and 
ccxinecting  pins  5  and  6  togetho:  to  avoid  channel  cross  t^)  AM  the  iiput  and  output 
wavefonns  and  e7q)lain  die  qiaatiai  of  die  circuit 


Pin  20  Kohm 


Flgine  5  -  Gating  Qiciat 
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NAVAL  POSTGRADUATE  SCHOOL 
Monieiiy,  Qriifomia 

EC2200  Lafaomtoiy  Sherif  McW 

Experiiiient4 

IRANSISTGRC  BJT)  CHARACIER1STK5 

OBJECTIVE 

In  this  e3q)ennient  you  will  stucfy  tfie  oarent-voltage  relations  of  an  NPN  transi^or  in  a 
ccxnmon-emitter  circuit  configu^on.  Sets  of  ii^xit  and  output  characteristics  and  the 
transfer  diaracteristic  will  be  obtained  to  provide  information  pertaining  to  both  die  static 
and  (fynamic  qieration  of  the  device. 

EOmPMENT: 

Conpiter  Station  with  LabVIEW  fa-  Windows  and  Connector  Block 
Resistors  (different  values) 

Transistor  (2N3405  BTIT 


Sele<x  LabVIEW  From  the  Windows  menu.  Double  click  on  the  LabVIEW  Icon.  When  the 
"Untitled  1"  screen  s^ipears,  dioose  Qpea~  from  the  File  menu.  Open  the  2200LAB.LLB  file. 
Select  and  open  LAB4  TlansisfDrCBJl)  ChaRVl 

PROCEDURE 

1.  Ccxmect  die  circuit  as  shown  in  Figure  1,  ensure  all  ground  pins  (1, 2, 4, 6,  8, 10,  and  23) 
are  connected  together. 


a  As  indicated,  Rg  and  Rc  are  to  have  a  ntxninal  value  of  lOOkfl  and  lOQ  respectively. 
HowevCT,  because  they  will  be  used  to  evaluate  Ig  and  Ic  a  took  precise  value  should  be 
detemiined  by  dimmeter  measurement  and  die  measured  resistance  should  be  used  in  the 
OHipitations  involving  Ig  and  Ic. 

2.  Set  Vcc  at  5  volts.  Click  the  DC  switdi  to  ON,  then  Rim  the  VI.  Obtain  sets  of  data  fiom 
the  meters  i^e  varying  Vgg  in  stq»  of  2  volts,  firan  0  to  10  volts,  elide  DC  switch  OFF  i^ben 
ccxT^leted.  (The  meter  scales  may  need  to  be  changed  fix*  needle  movanent.)  Record  die 
meakired  values  of  Veg  and  Vgg  and  then  cempute  the  corre^xxiding  values  of  Ic  and  Ig  derived 
fitwn  the  relationships:  Ig  =  (Vgg  -  VBE)/Rg  and  Ic  =  (Vcc-Vcg)/Rc 


3.  To  ol^ain  the  transfer  characteristic,  use  the  obtained  to  make  an  versus  Ig  graph. 
E)etennine  the  dc  current  ratio  of  in  the  vicinity  of  the  static  operating  point  using  a 

value  of  Ig  =  15pA.  At  this  point,  estimate,  from  the  slope  of  the  grzq^  drawn,  the  (fynamic 
current  r^o,  ^  =  Al(/^g.  Note  any  difference  in  the  two  P  values.  Estimate  the  value  at 
Ig  a{px}ximately  equal  to  25  pA,  Is  there  a  measurable  difference  from  that  obtained  at  the  Iowct 
Ig  level? 


Figure  1  -  BJT  Qicuit 


4.  To  obtain  an  mput  current-voltage  characteristic,  use  the  data  obtained  in  Part  2  to  make 

an  Ig  versus  Vgg  How  does  the  curve  conqjare  with  a  typical  forward-biased  diode 

curroit-voltage  characteristic?  At  the  tolerating  point  Ig  =  ISpA,  estimate  the  dynamic  iioHit 
resistance,  rj  =  AVgg/AIg.  Etoes  rj  vary  significantly  with  diange  in  the  c^ierating  point  to  eitho* 
a  mudi  lowCT  or  a  mudi  hi^er  Ig  level? 

5.  Shift  Voc  to  10  volts  and  again  take  data  fir  an  iionit  current-voltage  diaracteristic.  Plot 
this  data  on  Ae  sanw  set  of  cocrdinate  axis  as  in  Part  4.  Any  noticeable  shift  in  grrqrfi  posititxi 
with  change  in  Vcc  is  attributable  to  internal  interaction  fiom  output  to  iiput.  This  effect  can  be 
specified  as  a  dynamic  reverse  voltage  transfe  ratio,  AVgg/AVcE.  Detamine  this  ratio  at  an  Ig 
level  of  15  pA. 
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6.  Set  Vbb  =  10  volts  and  vaty  in  steps  of  2  volts,  fiom  2  to  10  volts,  to  acquire  the 
(HiqHit  current-voltage  characteristic  for  a  fixed  value  of  base  current.  Reccxd  the  corresfxxxiing 
values  of  and  to  determine  Ic  and  then  make  an  Ic  versus  Vcc  graph.  Label  file  gn^ 
with  the  fixed  Ig  value.  What  ai^xoximatitm  is  involved  in  assuming  that  this  gr^i  represents 
an  output  characteristic  of  the  transistw,  i.e.,  a  plot  of  Ic  versus  VcE? 

7.  Complete  a  3-curve  set  of  ou^ut  characteristics  by  repeating  the  above  procedure  with  Vgg 
eqi^  to  7  volts  and  4  volts  respectively.  Describe  how  this  set  of  characteristics  can  be  used  to 
estimate  the  vali»  of  the  transistor.  Nfeke  this  estimation  around  apjxoximately  the  same 
qjerating  point  used  in  Part  3.  Con:^)are  the  results. 

8.  The  slope  of  the  ouq)ut  characteristics  determines  the  dynamic  ouqxit  resistance  of  the 

transistor,  specified  as  r^  =  Evaluate  this  parameter  using  the  grafh  obtained  in  Part 

6  in  a  range  around  the  operating  point  Vcc  =  ^  volts. 


95 


NAVAL  FOSrVGRADUATE  SCHOOL 
Monlncy,  Qriifonia 

EC2200  lidnralDiy  Sheiif  Nfcfaael 

Eiperiiiient6 

TltyVSlSTOR  (  BJT  )  AMPLIFIER  DESIGN 


OBJECnVE 

In  this  esqieriment  you  will  design  a  HIT  a  Ccanmrai  Emitter  Amplifier  to  q)ec^cations 
and  test  it  fcx:  pix^  biasing  in  the  active  region,  signal  amplification  charaikeristics  and 
q)eratic«ial  stsijility. 

EQUIPMENT: 

Con^xiter  Staticn  with  LabVIEW  fiM*  Windows  and  Connecter  Block 
2N3405BJT 

Resistevs  (different  values  as  determined  by  design) 

C^iacittxs  (diffoent  values  as  shown  in  die  circuit) 


Select  LabVIEW  From  the  )\^ndows  menu.  Double  click  on  the  LabVIEW  Icon.  When  die 
"Untided  1"  screen  appears,  dioose  Qpau.  fix)m  the  FUc  menu.  Open  the  2200LAB.LLB  file. 
Select  and  (pen  LAB6  Thmsistor  (BJI)  Amp  DesigaVL 

PROCEDURE 

1.  In  the  circuit  of  Figure  1,  determine  suitable  resistance  values  f(»:  Ro  Re,  Rbi,  Rbz  ^ 
the  following  design  specificadems: 


3-  VcE(0  ** 

1/2  Voc 

b-  Io«8  * 

3  mA 

c.  Vcc  «■ 

nert  to  exceed  10  V 

d-  hfE  ^ 

slO  Rb  (Rb  is  the  parallel  combinadem  of  Rbi  and  Rb2) 

e.  Vbb  > 

5Vffi  (  Vbb  ts  die  Ihevinin  voltage  at  the  BJT  base ) 

f.  Rc  «■ 

selected  to  maximize  the  small-signal  voltage  gain 

2.  Utilize  the  2N3405  transisten:  fw  which  you  have  previously  obtained  a  [diotogr^  of 
output  characteristics  fixnn  a  curve-tracer  display.  Lab  S.  (Retake  or  plot  an  Ic  -  V^e 
Characteristics  if  it  is  not  already  available.)  Lo^  the  spewed  eperating  point  on  the 
grs^  and  estimate  the  hfE  value.  Also  obtain,  for  later  use,  a  sec(^  2N3405  transisUx* 
widi  an  identified  1%  value  diat  differs  fixnn  your  first  1^  at  least  100. 


% 


3.  Set  iq>  the  circuit  with  the  selected  c(H]^X)ne^  Useohmmeternieasuiniientstodetemaiiie 

qjecific  resistance  values.  Set  die  DC  Switch  to  10  volts  and  turn  the  switch  ON.  Rimthe 
VI.  Using  pin  7  ^  die  DC  meter,  me^ure  and  determine  Iqq^  then  conqiare  the 
measured  values  with  those  specified  in  the  design.  Stop  the  VI  wi^  ccmplete. 


Flgme  1  -BJTAmp 


4.  Substitute  the  second  transistor  in  the  circuit  Run  the  VI  and  measure  Vce^  3^  IqO)- 
Stop  the  VI.  Conpire  the  percent  change  in  Iqq^  with  the  percent  change  m  1%  ai» 
comment  (m  the  relative  stability  of  the  bias  of  the  circuit  Which  of  the  design 
specificaticms  given  in  Part  1  is  primarily  respcmsible  for  the  degree  of  stability  obtained? 

5.  Ground  pin  7.  Using  your  original  transistcn:,  ^ly  a  500  Hz  sinusoidal  signal,  fixnn  pin 
20,  to  the  circuit  as  shown  in  die  diagram.  the  VI.  Examine  the  output  volt^ 
wavefimn  widi  the  oscilloscope  displs^  and  set  the  iiqnit  signal  an^litude  at  a  sufBciently 
low  level  to  provide  a  linear  amplifier  respcxise. 
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6.  With  the  VI  running,  use  the  o'scope  display  and  measure  V,,  Vj  and  and  then  derive 
the  voltage  ratios  V/Vj,  V/V^  aiKl  W/Vi.  Stop  the  VI.  Frc«n  the  voltage  divider  ratio, 
V/V5,  determine  a  value  for  R^,  the  transistor's  ii^ut  resistance,  paralleling  the  Rg  netwOTk. 
Use  this  resistance  value,  together  witii  your  known  value  of  hpE,  to  calculate  V/Vj. 
Comj^re  this  calculated  voltage  gain  with  your  measured  value. 

7.  Repeat  the  measuremoits  and  calculations  of  Part  6  with  the  second  transistor  in  the  circuit 
and  make  the  corresponding  comparison  of  calculated  and  measured  data.  Justify  the 
relative  effects  of  the  1%  changes  on  the  measured  gain  and  V/V,  and  then  on  the 
calculated  R^. 

8.  Remove  the  emitter-leg  bypass  capacitor,  Cg,  and  restore  your  original  transistor  in  the 
circuit.  Repeat  the  measurements  and  calculations  of  Part  6.  Justify  the  change  in  R^  and 
the  resulting  changes  in  the  voltage  gain  ratio  VyVj  affected  by  the  removal  of  Cg. 

9.  R!q)eat  the  procedure  of  Part  8  with  the  second  transistor  in  the  circuit.  Justify  the 
observed  effects  of  the  hfE  change  and  compare  them  with  those  obtained  in  Part  7  with 
the  bypass  cpacitor  in  place.  Comment  on  the  gain  stability  of  the  two  circuits. 

10.  Using  your  original  circuit,  inaease  the  input  signal  until  the  output  signal  begins  to  show 

distortiorL  Estimate  the  anplitude  of  this  output  voltage.  Then  further  increase  the  input 
signal  to  the  extent  necessary  to  obtain  a  distcxtitm  effect  on  each  peak  of  the  ouput  wave. 
Now  refer  to  your  Ic-VcE  characteristics  and,  locating  the  quiescent  point,  ccnelate  the 
experimental  results  with  those  predicttfcle  from  the  gjrtph.  a  larger  undistorted  output 

be  obtained  with  a  dififaent  quiescent  point? 
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NAVAL  F06TGRADUA1E  SanOL 
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BC2200  Laboratoiy  Sherif  Mcfaael 

Erperimeiit  7 

TV\0  STAGE  TRANSmOR  AMPLIFIER 


OBJECTIVE 

In  this  experiment  you  will  study  a  two>stage  RC>coq)led  linear  amplifier  with  variable 
ou^-sta^  configuradtxis.  You  will  test  it  for  proper  biasing  in  the  active  region  and 
signal  ^i^lificadon  diaracteristics.  You  will  also  ve^  your  lab  results  widi  a  oxipiter 
simulati(xi  of  a  prq^er  transistcx*  model  using  the  SPICE  Ingram. 


EQUIPMENT: 

C(Hi^xiter  Statical  with  LabVIEW  fcx*  Windows  and  Oxmectta’  Blcxrk 
2N3405BJT(2) 

Resistors  (different  values  as  specified) 

Cq»citocs  (different  values  as  shown  in  the  circuit) 

Decade  resistance  box 

Select  LabVIEW  Frwn  the  Windows  menu.  Double  click  cm  the  LabVIEW  Iccxl  When  the 
"Untitled  1”  screen  s^ipears,  dioose  fic»n  die  File  mena  Open  2200LA&LLB  file. 
Select  and  cqien  LA^  TWo  Stage  Ihnsistor  AmpiVL 


PROCEDURE 

1.  Set  the  circuit  shown  in  Fig.  1  using  tiansistcxs  wifii  identified  1%  values.  (If  not 
previously  deteimined,  identify  these  values  firm  an  output-characteristics  di^lay  cm  the  curve 
tracer.)  Determine  and  use  a  resistance  value  fix*  Rg^z  diat  will  provide  approximately  the  same 
quiescent  operating  point  fix  both  transistcxs.  Initially  include  C^pQ  in  place  as  an  emitter 
l^-passing  cqiacitor. 

2.  Adjust  the  DC  voltage  to  10  volts.  Switrii  the  DC  voltage  ON  and  let  it  remain  on  fix  die 
entire  lab.  Rim  die  VI.  Using  pin  7,  measure  the  dc  voltages  to  ground  at  d»  b^  emitter  and 
collectcx  of  each  transistor  ar^  ccmqiare  these  measured  v^ues  your  reflective  calculated 
values  to  insure  that  both  transistors  are  active.  Read  the  measuronent  cm  the  VI  DC  meter.  Stop 
the  VI  when  ccmfilete. 
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3.  Apply  a  signal  voltage  (pin  20)  at  500  Hz,  Run  the  VI.  Adjust  the  VI  output  to  provide 
a  voltage  Vj^  of  1  mV  peak-to-peak.  Using  pin  3,  examine  the  anplifier  ouqjut  wavefOTm  at 
tenninal  (A)  to  ensure  thk  the  anqjlifier  response  is  linear.  Measure  the  voltages  V^pQ  and  V,^^) 
and  derive  the  gain  rel^ons  and  V^^a/V^pq.  Stop  the  VI  when  complete. 

Use  these  measured  ratios  and  your  known  hpg  values  to  conpute  the  dynamic  iiput  resistance 
of  each  transistor.  Justify  any  significant  resistance  difference  obtained  between  rjpQ  and  ri(Y). 


Figure  1  >  IVvo  St^e  Amplifier 


4.  Remove  capacitor  CgpQ  ftom  your  circuit  Run  the  VI  and  observe  the  waveforms  Vo(A)3™i 
Vo(B)  and  note  the  phase  relationships.  Stop  the  VI  when  conplete.  ftint  the  firait  panel 
waveforms.  Run  the  VI  once  again.  Using  pin  3  as  the  probe  with  pin  4  grounded,  measure  the 
peak-to-peak  voltages  V^pQ,  and  V^^gj  on  the  o'scope  screen.  Stop  the  VI  wiien  conplete. 
Derive  the  gain  relations:  V(,pq^,,(Y),  Vj^a/Vj^?  ^o(!b/^\>co>  Y^A/^bOO  Yd(b/  ^b(X)-  Use 
^jpropriate  ratios  to  conpute  resistance  values  for  rjpQ  and  rj^y).  Correlate  with  theory  the  relative 
anplitudes  and  phase  of  and  Vc<B)  and  the  various  operational  changes  affected  by  the 
removal  of  C^pQ. 
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5.  With  Ce(X)  remaining  out  of  the  circuit,  detennine  the  output  resistance  of  the  aiiq)lifier  at 
terminals  (A)  arid  (B),  respectively,  by  omnecting  the  RC  netwak  shown  in  Figure  2  to  the 
terminal  und^  test.  Run  the  VI  fcH*  each  terminal.  Adjust  the  decade  resistance  box  until  the 
output  voltage  at  the  terminal  is  rediK^d  to  half  the  value  it  had  before  adding  the  shunting 
networic  Stopthe  VI  whencorrqilete.  Justify  any  observed  difference  in  the  two  resistance  meas¬ 
urements.  Comment  on  the  operational  significance  in  the  use  of  either  connection  fOT  driving 
a  succeeding  stage  or  circuit 


Decade 

Resistor 

box 


Figure  2  •  RC  Network 

6.  Using  SPICE,  verify  the  findings  in  2, 3  and  4  utilizing  a  proper  transistor  model  that  has 
the  same  parametas  as  your  devices  used  in  your  ejqjerimaits.  Tum-in  the  ouQjut  of  the  program 
with  your  Lab  report. 
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